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Abstract of JP1 0275698 
PROBLEM TO BE SOLVED: To greatly 
reduce the consumption of rare gas including 
helium gas and easily generate plasma under 
atmospheric pressure. SOLUTION: Oxygen 
gas and helium gas are supplied from an 
oxygen gas cylinder 34 and a helium gad 
cylinder 36 to a gas flow passage 23 formed 
with a dielectric 1 and high frequency voltage 
is applied between electrodes 2a, 2b with a 
high frequency power supply to generate 
plasma in a plasma generation area 22. Then, 
the supply of the helium gas is stopped, 
plasma is generated only by oxygen gas and a 
resulting active component is radiated to a 
material to be treated 8 to perform ashing or 
etching treatment to the material. 
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* NOTICES * 



JSO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface treatment approach at the atmospheric pressure plasma production approach and 
equipment list which generate the plasma which starts the plasma production approach of generating the plasma, especially processes the front 
facfiLafsa processed object under atmospheric pressure. 

[Description of the Prior Art] The oxygen plasma forms into a vacuum as the removal approach of the former and the organic substance, and the 
processing which disassembles and removes the organic substance using the ashing processing which removes using the ashing processing 
which oxidizes, gasifies and removes, and the ozone generated by corona discharge etc. under atmospheric pressure, the organic substance, i.e., 
the resist, applied to the semi-conductor substrate etc. by the generated oxygen radical, or a UV (ultraviolet rays) is known. 
[0003] However, in order that the organic substance removal approach by ashing using the vacuum plasma may require a vacuum housing, an 
exhaust air pump, etc., equipment is enlarged and complicated, and it has the need of performing evacuation also in productivity while it is 
moreover expensive and processing cost goes up, and has the technical problem that the quantity which can be processed is restricted. 
[0004] Moreover, although impress the high voltage by which is dozens of kHz in frequency from dozens of Hz, and the pressure up was carried 
out to about tenkV, and the corona discharge treatment and silent discharge which are known as electrodischarge treatment which does not use 
helium under atmospheric pressure make it discharge, and generate ozone and the oxidizing power removes the organic substance, since the 
oxidizing power of ozone is [ approach / this / the active species of oxygen ] small, improvement in the speed of removal processing of the 
organic substance is difficult. 

[0005] On the other hand, it is comparatively cheap and the approach of processing by the plasma formed by atmospheric pressure or the 
pressure of the near as a means which raises productivity is proposed as it is opened to the public in the publication-number 07 1 No. 245192 
official report in order to solve such a technical problem for example. And in JP,07-245192,A, in order to raise the adhesion of IC of a 
processed object, and mold resin before mold resin enclosure, the organic substance adhering to IC is removed and the surface treatment which 
raises wettability is indicated. Using the gas which is easy to discharge, for example, gaseous helium with low breakdown voltage, as gas for 
plasma production used in case the atmospheric pressure plasma is generated is known for above-mentioned ashing processing and surface 
treatment, and in order to perform ashing further, adding oxygen with plasma production gas is known. 

[0006] As the technique of the surface treatment by the atmospheric pressure plasma, there are a direct electrodischarge treatment method which 
exposes a processed object to the direct plasma, and an indirect electrodischarge treatment method which irradiates the active species which did 
not expose a processed object to the plasma directly, but was generated by the plasma at a processed object. 

[0007] In direct discharge mold mode of processing, although improvement in the speed of processing can be desired, it is easy to produce 
destruction, a property shift, etc. of a processed object resulting from a plasma damage. It becomes impossible for a processed side to process to 
homogeneity that it is especially it easy to concentrate discharge on a height that the processed side of a processed object is a metal. On the 
other hand, by the indirect electrodischarge treatment method, the plasma damage mentioned above since a processed object was not exposed to 
discharge is not produced. 
[0008] 

[Pro blemfs) to be Solved by the Invention] By the way, there is a life in the active species which was discharging and was generated, and when 
it is an indirect electrodischarge treatment method and a processed object is installed in the location left from the plasma generating section 
since this life is comparatively short, the number of the active species which can irradiate a processed object decreases, and it has the trouble 
that processing effectiveness falls sharply. 

[0009] Moreover, by the indirect electrodischarge treatment method, in order to perform high-speed processing, gaseous helium must be used in 
large quantities. This is for working also as grid gas for conveying more active species generated during discharge to a processed object while 
gaseous helium is gas which discharges comparatively easily. In this case, the cost of gaseous helium per unit capacity is high, and it has the 
trouble that a running cost becomes high, by using it in large quantities. 

[00 10] Generally, it is known that processing speed will improve, so that the consistency of the plasma is high. Also depending on the frequency 
of the electrical potential difference impressed, the plasma consistency under discharge is said to acquire the plasma of high density, so that a 
frequency is high. Vibration of an electron becomes active, so that a frequency is high, and this is considered for a probability of collision with a 
gas to increase and for ionization frequency to increase. However, it is difficult ****** to make discharge start other reactantgas under 
atmospheric pressure using the frequency of several MHz or more not using gaseous helium very much. As the breakdown voltage of reactant 
°as, such as nitrogen gas and oxygen gas, is shown from Paschen's discharge theory, this is compared with gaseous helium and originates also in 
The sparking voltage under atmospheric pressure being very large. In the case of nitrogen gas, in the inter-electrode distance of about 1mm, 
about about tenkV is required for making discharge start from several kV. Thus, since initiation of high discharge of a frequency is difficult, 
when generating the atmospheric pressure plasma without using helium, the presentation of plasma production gas (gas for discharge) serves as 
reactant gas, such as oxygen gas, in the whole gaseous helium with breakdown voltage small 90% or more, and the 10 remaining% or less, and 
ashing only using reactant gas and the technical problem that improvement in the speed of wettability improvement processing is difficult occur. 
For this reason, it is difficult to use expensive gaseous helium in large quantities, and to reduce processing cost. 

[00 1 1 ] Moreover, on the occasion of the organic substance removal in the surface treatment approach described above, oxygen is surely used. 



For trus reason, the technical problem that the xt face of a processed object will oxidize is in r wal and coincidence of the organic 
substance on a processed object. Therefore, in u.o processed object which makes scaling a proble... at the degree of pole, removal of the organic 
substance using the above-mentioned art is difficult. 

[0012] Moreover, sinpe oxygen is used, generation of ozone is not avoided in arts other than ozonization. As everyone knows, to high- 
concentration ozone generating, safety practices, such as damage elimination, are especially needed from ozone having harmful nature to the 
body. 

[0013] Moreover, since atmospheric pressure plasma treatment can be used by atmospheric-air disconnection compared with the vacuum 
plasma, it has the convenience that it can install without choosing a location, but under the conditions which use oxygen in large quantities, 
when electrical systems and combustibles, such as a relay which is easy to serve as an ignition source, are installed in the processing interior of 
a room, an oxygen density becomes high and it has the danger of ignition. Therefore, a safety practice has a technical problem called not only 
constraint of the installation of those with required **, and equipment but an equipment cost rise like ozone. 

[0014] The place which this invention is made in view of the above technical problem, and is made into the purpose is to be able to decrease 
sharply the amount of the rare gas used, such as gaseous helium, and enable it to generate the plasma easily under atmospheric pressure. 
[0015] Moreover, the purpose of this invention is to enable it to generate the plasma under atmospheric pressure, without using rare gas. 
[0016] Furthermore, the purpose of this invention aims at improvement in surface treatment rates, such as organic substance removal processing 
speed at the time of plasma treatment, surface wettability processing speed, and an etch rate. 

[0017] Furthermore, this invention is to offer the surface treatment approach that a new process can be proposed by offering reduction of the 
running cost of the gas used for processing, and a new organic substance removal means by which oxygen is not used further. 

[0018] " , 

[Means for Sol ving the Proble m] In order to attain the above-mentioned purpose, the atmospheric pressure plasma production approach 
concmur^ 1 The gas for discharge is introduced into the plasma production field under the atmospheric pressure formed 

with the dielectric, or the pressure of the near. In the atmospheric pressure plasma production approach of impressing high-frequency voltage to 
the 1st electrode and the 2nd electrode which were prepared on both sides of said dielectric, and generating the plasma The mixed gas of rare 
gas and the gas for surface treatment is supplied to said plasma production field, the plasma is generated, and it is characterized by suspending 
supply of said rare gas after that. • • 

[0019] The atmospheric pressure plasma production approach concerning invention of claimJ2 The gas for discharge is introduced into the 
plasma production field under the atmospheric pressure formed with the dielectric, or the pressure of the near. In the atmospheric pressure 
plasma production approach of impressing high-frequency voltage to the 1st electrode and the 2nd electrode which were prepared on both sides 
of said dielectric, and generating the plasma While supplying rare gas to said plasma production field, generating the plasma, supplying the gas 
for surface treatment to said plasma production field after that and generating the plasma by the gas for surface treatment, it is characterized by 
suspending supply of said rare gas. 

[0020] In claim 1 or 2, said gas for surface treatment of the atmospheric pressure plasma production approach concerning invention of claim 3 is 
either oxygen gas or carbon tetrafluoride gas, and it is characterized by said trigger gas being gaseous helium. 

[0021] The atmospheric pressure plasma production approach concerning invention of claim 4 The gas for discharge is introduced into the 
plasma production field under the atmospheric pressure formed with the dielectric, or the pressure of the near. In the atmospheric pressure 
plasma production approach of impressing high-frequency voltage to the 1st electrode and the 2nd electrode which were prepared on both sides 
of said dielectric, and generating the plasma It is characterized by supplying an electron or gas active species to said plasma production field 
with said gas for discharge, and generating the plasma at least, at the time of discharge starting in said plasma production field. The electron 
emitted from the thermoelectron emitted from the heated filament or the electron gun, the electron which was made to generate corona 
discharge further and was generated, and active species may be used for an electron or active species. 

[0022] The atmospheric pressure plasma production approach concerning invention of claim 5 is characterized by said gas for discharge being 
the mixed gas of oxygen gas, carbon tetrafluoride gas, or these one and rare gas in claim 4. 

[0023] The atmospheric pressure plasma production approach concerning invention of claim 6 is characterized by suspending supply of said 
electron or active species after generating of said plasma in claim 4 or 5. An electron or active species may continue and supply after generating 
of the plasma. . 

[0024] The atmospheric pressure plasma production approach concerning invention of claim 7 is characterized by the frequency ot said high- 
frequency voltage being 400kHz - 100MHz in claim 1 thru/or either of 6. 

[0025] The atmospheric pressure plasma production equipment concerning invention of claim 8 which enforces the above-mentioned 
atmospheric pressure plasma production approach The dielectric which forms a plasma production field, and a 1st gas supply means to supply 
the gas for surface treatment to said plasma production field under atmospheric pressure or the pressure of the near, A 2nd gas supply means to 
supply rare gas to said plasma production field under atmospheric pressure or the pressure of the near, The RF generator which impresses high- 
frequency voltage between the 1st electrode and the 2nd electrode which were prepared on both sides of said dielectric, and this 1st electrode 
and 2nd electrode, It is characterized by having a plasma detection means to detect that the plasma occurred to said plasma production field, and 
the control means'which controls said 2nd gas supply means based on the detecting signal of this plasma detection means, and suspends supply 
of said rare gas to said plasma production field. 

[0026] The atmospheric pressure plasma production equipment concerning invention of claim 9 is characterized by for said control means 
controlling said 1st gas supply means, and supplying said gas for surface treatment to said plasma production field after generating of the 
plasma by said rare gas, in claim 8. The atmospheric pressure plasma production equipment concerning invention of claim- 10 The dielectric 
which forms a plasma production field, and a gas supply means to supply the gas for discharge to said plasma production field under 
atmospheric pressure or the pressure of the near, A trigger supply means to supply an electron or gas active species to said plasma production 
field under atmospheric pressure or the pressure of the near, High-frequency voltage is impressed between the 1st electrode and the 2nd 
electrode which were prepared on both sides of said dielectric, and this 1st electrode and 2nd electrode, and it is characterized by having the RF 
generator which generates the plasma. 

[0027] The atmospheric pressure plasma production equipment concerning invention of claim 1 1 The dielectric which forms a plasma 
production field, and a gas supply means to supply the gas for discharge to said plasma production field under atmospheric pressure or the 
pressure of the near, A trigger supply means to supply an electron or gas active species to said plasma production field under atmospheric 
pressure or the pressure of the near, The RF generator which high-frequency voltage is impressed [ RF generator ] between the 1st electrode and 
the 2nd electrode which were prepared on both sides of said dielectric, and this 1st electrode and 2nd electrode, and generates the plasma, It is 



characterized by having a plasma detection me to detect that the plasma occurred to said plasr production field, and the control means 
which controls said trigger supply means and suspends supply of said electron or active species ba^d on the detecting signal of this plasma 
detection means. 

[0028] High-frequency voltage to which said RF generator outputs the atmospheric pressure plasma production equipment concerning invention 
of claim 12 in claim 8 thru/or either of 11 is characterized by a frequency being 400kHz - 100MHz. 

[0029] The atmospheric pressure plasma production equipment concerning invention of claim 13 is characterized by having poured in the fluid 
which covers the electrode linked to said RF generator to said dielectric furnished with said electrode linked to said RF generator, has prepared 
covering in it, and cannot discharge easily from air in this covering in claim 8 thru/or either of 12. 

[0030] It is characterized by the fluid with which the atmospheric pressure plasma production equipment concerning invention of claim 14 
cannot discharge easily from said air in claim 1 3 supplying the carbon tetrafluoride gas which it is carbon tetrafluoride gas, and the hole which 
opens the interior and said plasma production field of said covering for free passage was formed in said dielectric, and was poured in into said 
covering through this hole to said plasma production field. 

[0031] Distance of the electrode which connected the atmospheric pressure plasma production equipment concerning invention of claim 15 to 
said RF generator in claim 13 thru/or either of 14, and the inside of said covering is characterized by having made it larger than the discharging 
gap of said plasma production field. The surface treatment approach concerning invention of claim 16 under atmospheric pressure or the 
pressure of the near It consists of a eel formed with the dielectric of a pair, and the 1st electrode and the 2nd electrode which sandwiched said 
dielectric. Introduce the gas for discharge in said eel, and the plasma is generated by impressing high-frequency voltage to inter-electrode 
[ said / 1st electrode and inter-electrode / 2nd ]. In the surface treatment approach of carrying out exposure processing of the active species 
generated by the plasma at a processed object, and removing the organic substance of the front face of said processed object said gas for 
discharge It is gas containing nitrogen and oxygen, and is characterized by mixing percentage ^(mtrogen flow rate/(nitrogen flow rate 10 
oxygen flow rate)) x 100 to the oxygen of nitrogen being 99% or more. 

[0032] The surface treatment approach concerning invention of claim 17 under atmospheric pressure or the pressure of the near It consists of a 
eel formed with the dielectric of a pair, and the 1st electrode and the 2nd electrode which sandwiched said dielectric. Introduce the gas for 
discharge in said eel, and the plasma is generated by impressing high-frequency voltage to inter-electrode [ said / 1st electrode and inter- 
electrode / 2nd ]. In the surface treatment approach which carries out exposure processing of the active species generated by the plasma at a 
processed object, and carries out hydrophilization of the front face of said processed object said gas for discharge It is gas containing nitrogen 
and oxygen, and is characterized by mixing percentage -(nitrogen flow rate/(nitrogen flow rate 10 oxygen flow rate)) xlOO to the oxygen of 
nitrogen being 99% or more. 

[0033] The surface treatment approach concerning invention of claim 18 is characterized by being impressing the high-frequency voltage whose 
a maintaining-a-discharge means generating said plasma continuously is 1MHz - 100MHz in claim 16 or 17. 

[0034] In claim 18, the surface treatment approach concerning invention of claim 19 puts side by side said maintaining-a-discharge means and a 
high-voltage impression means 50kHz or less to an electrode, superimposes and impresses said high- voltage impression means to said ^ 
maintaining-a-discharge means, and is characterized by superimposing and using said high-voltage impression means for said maintaining-a- 
discharge means independent or said maintaining-a-discharge means after discharge starting. The surface treatment approach concerning 
invention of claim 20 is characterized by heating the discharge side of said dielectric beforehand before discharge starting in claim 18. 
[0035] The surface treatment approach concerning invention of claim 21 under atmospheric pressure or the pressure of the near It consists of a 
eel formed with the dielectric of a pair, and the 1st electrode and the 2nd electrode which sandwiched said dielectric. In the surface treatment 
approach which carries out exposure processing of the active species which introduced the gas for discharge in said eel, generated the plasma by 
impressing an electrical potential difference to inter-electrode [ said / 1st electrode and inter-electrode / 2nd ], and was generated by the plasma 
at a processed object It is characterized by superimposing and impressing at least the electrical potential difference which has the frequency 
from which plurality differs to the predetermined period to plasma production initiation, said 1st electrode, and inter-electrode [ said / 2nd ]. 
[0036] thing ****** to which the electrical potential difference on which the surface treatment approach concerning invention of claim 22 has a 
different frequency of said plurality in claim 21 is supplied at least from the 1st 1MHz - 100MHz voltage source and the 2nd voltage source 
50kHz or less - it is characterized by things. The surface treatment approach concerning invention of claim 23 introduces the gas for discharge 
into the plasma production field formed with the dielectric under atmospheric pressure or the pressure of the near. In the surface treatment 
approach of irradiating the active species which impressed high-frequency voltage to the 1st electrode and the 2nd electrode which were 
prepared on both sides of said dielectric, generated the plasma, and was generated by the plasma at a processed object, and removing the organic 
substance of the front face of said processed object It is characterized by supplying the mixed gas of rare gas and oxygen gas to said plasma 
production field, generating the plasma, suspending supply of rare gas after that, and generating the plasma by oxygen gas. 
[0037] The surface treatment approach concerning invention of claim 24 introduces the gas for discharge into the plasma production field under 
the atmospheric pressure formed with the dielectric, or the pressure of the near. In the surface treatment approach of irradiating the active 
species which impressed high-frequency voltage to the 1st electrode and the 2nd electrode which were prepared on both sides of said dielectric, 
generated the plasma, and was generated by the plasma at a processed object, and removing the organic substance of the front face of said 
processed object After supplying rare gas to said plasma production field and generating the plasma, while supplying oxygen gas to said plasma 
production field and generating the plasma by oxygen gas, it is characterized by suspending supply of said rare gas. 

[0038] The surface treatment approach concerning invention of claim 25 introduces the gas for discharge into the plasma production field under 
the atmospheric pressure formed with the dielectric, or the pressure of the near. In the surface treatment approach of irradiating the active 
species which impressed high-frequency voltage to the 1st electrode and the 2nd electrode which were prepared on both sides of said dielectric, 
generated the plasma, and was generated by the plasma at a processed object, and removing the organic substance of the front face of said 
processed object It is characterized by supplying an electron or gas active species to said plasma production field with the gas for discharge 
which consists of mixed gas of oxygen gas or oxygen gas, and rare gas, and making the plasma generate. 

[0039] The surface treatment approach concerning invention of claim 26 introduces the gas for discharge into the plasma production field 
formed with the dielectric under atmospheric pressure or the pressure of the near. In the surface treatment approach which irradiates the active 
species which impressed high-frequency voltage to the 1st electrode and the 2nd electrode which were prepared on both sides of said dielectric, 
generated the plasma, and- was generated by the plasma at a processed object, and etches the front face of said processed object It is 
characterized by supplying the mixed gas of rare gas and carbon tetrafluoride gas to said plasma production field, generating the plasma, 
suspending supply of rare gas after that, and generating the plasma by carbon tetrafluoride gas. 

[0040] The surface treatment approach concerning invention of claim 27 introduces the gas for discharge into the plasma production field under 



the atmospheric pressure formed with the dielc \ or the pressure of the near. In the surface tre? ^nt approach which irradiates the active 
species which impressed high-frequency voltage *o the 1st electrode and the 2nd electrode which \. „.e prepared on both sides of said dielectric, 
generated the plasma, and'was generated by the plasma at a processed object, and etches the front face of said processed object After supplying 
rare gas to said plasm,a production field and generating the plasma, while supplying carbon tetrafluoride gas to said plasma production field and 
generating the plasma by carbon tetrafluoride gas, it is characterized by suspending supply of said rare gas. 

[0041] The surface treatment approach concerning invention of claim 28 introduces the gas for discharge into the plasma production field under 
the atmospheric pressure formed with the dielectric, or the pressure of the near. In the surface treatment approach which irradiates the active 
species which impressed high-frequency voltage to the 1st electrode and the 2nd electrode which were prepared on both sides of said dielectric, 
generated the plasma, and was generated by the plasma at a processed object, and etches the front face of said processed object It is 
characterized by supplying an electron or gas active species to said plasma production field with the gas for discharge which consists of mixed 
gas of carbon tetrafluoride gas or carbon tetrafluoride gas, and rare gas, and generating the plasma. 

[0042] The surface treatment approach concerning invention of claim 29 is characterized by suspending supply to said electron or said plasma 
production field of active species after generating of said plasma in claim 25 or 28. 

[0043] The surface treatment approach concerning invention of claim 30 is characterized by the frequency of said high-frequency voltage being 
400kHz - 1 00MHz in claim 24 thru/or either of 32. 

[Function}/in invention concerning claim 1 constituted like the above, or 2, since he is trying to suspend supply of rare gas only when starting 
the-ptatma after it uses expensive rare gas and the plasma starts, the amount of the rare gas used can be reduced sharply, the atmospheric 
pressure plasma can be acquired cheaply, and surface treatment using the cheap atmospheric pressure plasma can be performed. As gas for 
surface preparation, when carrying out oxidization removal of the organic substance, such as a resist, in etching of oxygen gas and a semi- 
conductor substrate etc., carbon tetrafluoride gas can be used. 

[0045] In invention concerning claim 4, an electron or active species is supplied to a plasma production field, since glow discharge is made easy 
to produce, the amounts of mixing to rare gas, such as oxygen gas and carbon tetrafluoride gas, can be made [ many ], or glow discharge can be 
generated only by oxygen gas or carbon tetrafluoride gas, without using rare gas, the plasma can be generated, the amount of the rare gas used 
can be reduced, and the generation cost of the atmospheric pressure plasma can be reduced. As gas for discharge, the mixed gas of oxygen gas, 
carbon tetrafluoride gas, or these one and rare gas can be used. Moreover, after the plasma occurs, it may stop, and supply of an electron or 
active species may be continuously given up and supplied so that proper processing conditions may be acquired. 

[0046] In the above-mentioned atmospheric pressure plasma production approach, if 400kHz - 100MHz of frequencies of high-frequency 
voltage is desirably set to 400kHz - about 40MHz or less more than a cut off frequency, they can prevent the shift to the corona discharge 
(streamer discharge) by the electron of a plasma production field colliding with an electrode. If a frequency becomes lower than 400kHz, the 
number of the electrons which collide with an electrode will increase, and it will be easy to produce corona discharge. Moreover, if it becomes 
the RF to which-a frequency exceeds 100MHz, electronic migration length becomes short, sufficient energy by electric field will not be 
obtained, but generating of the plasma and maintenance will become difficult. 

[0047] And according to the atmospheric pressure plasma production equipment concerning claim 8 or 9, only when the plasma rises, rare gas 
can be used, and the atmospheric pressure plasma can be generated easily, without using rare gas after that. 

[0048] According to invention concerning claim 10 or 12, since an electron or active species is supplied to a plasma production field, the 
atmospheric pressure plasma can be generated, without mixing comparatively a lot of oxygen gas and carbon tetrafluoride gas in rare gas, or 
using rare gas. 

[0049] Moreover, if the fluid which covers the electrode linked to an RF generator with covering like claim 13, and cannot discharge easily 
from air is poured in, in order not to use rare gas, even if it is the high case where an electrical potential difference is carried out, creeping 
discharge can be prevented certainly. And the fluid which cannot discharge easily from air is made into carbon tetrafluoride gas, if a plasma 
production field is supplied through the hole which formed the carbon tetrafluoride gas poured in into covering in the dielectric and it is made to 
generate the plasma, covering can be used as a supply way of the gas for discharge, avoiding creeping discharge, and miniaturization of 
equipment and simplification can be attained. Furthermore, if spacing of the inside of covering and an electrode is made larger than a 
discharging gap, discharge with covering and an electrode can be prevented certainly. 

[0050] And according to the surface treatment approach concerning claim 16 thru/or invention of 17, since removal improvement in the speed 
of the organic substance and improvement in the speed of surface wettability improvement processing are attained using nitrogen gas, the 
processing to the processed object with which scaling poses a problem, and in an oxygen ambient atmosphere, the organic substance of the 
processed object in the high ambient atmosphere of danger, such as ignition, becomes removable. 

[0051] According to invention of claim 18, in order to use discharge of several MHz or more, the nitrogen plasma of high density can be formed 
and it becomes still more nearly accelerable [ removal of the organic substance, or wettability processing ]. Moreover, according to invention of 
claim 18, not using gaseous helium, discharge with reactant gas simple substances, such as nitrogen gas, is attained by ** under atmospheric 
pressure with the high-frequency voltage of several MHz or more. Since cheap nitrogen gas can be used while being able to generate the 
nitrogen plasma of high density by this and being able to attain improvement in the speed of processing, a running cost can be reduced. 
[0052] According to invention of claim 19, discharge starting and the function of maintaining a discharge have separated, and it can control 
independently, respectively. The high thing is known compared with the electrical potential difference at the time of maintaining a discharge, 
and the electrical potential difference at the time of discharge starting can choose a proper and efficient electrical potential difference, 
respectively because the function at the time of discharge starting and maintaining a discharge separates. Without using gaseous helium, only by 
the gas of a simple substance, to the bottom of atmospheric pressure, from dozens of Hz, high frequency discharge several MHz or more can be 
easily started because discharge changes only the high voltage to high-frequency voltage in dozens of kHz also with the nitrogen gas which was 
not initiation at the time of maintaining a discharge, using the high voltage only in the time of discharge starting, and processing speed can be 

raised. , 
[0053] According to the surface treatment approach concerning invention of claim 20, the emission nature of secondary electron can be raised 
from an electrode surface by heating a discharge side beforehand, and discharge comes to be conventionally obtained also for ********** to 
which only the high voltage has started discharge in dozens of kHz from dozens of Hz under atmospheric pressure easily with the secondary 
electron or thermoelectron at the time of the trigger of discharge. 

[0054] Moreover, according to invention of claim 2 1 , the electrical potential difference to impress is divided into two roles with a discharge- 
starting function and a maintaining-a-discharge function, a suitable electrical potential difference can be chosen, and it becomes possible to 



attain optimization of an art etc. 

[0055] Moreover, according to invention of ck>..,i 22, also about gas with high breakdown voltage .he high voltage is impressed at the time of 
discharge starting, and the thing of changing to a RF at the time of maintaining a discharge becomes possible. 

[0056] Furthermore, since according to the surface treatment approach concerning claim 23 or 24 rare gas is used only at the time of starting of 
the plasma and the plasma only by oxygen gas can be generated after that, the amount of the rare gas used can be reduced sharply, and reduction 
of the cost of ashing processing using oxygen gas and improvement in processing speed can be aimed at. 

[0057] And in the surface treatment approach concerning claim 25, since he is trying to generate the plasma using an electron or gas active 
species, the plasma by oxygen gas can be generated without completely using rare gas, and reduction of cost can be aimed at further. Moreover, 
even when rare gas is used, the amount of mixing of oxygen gas can be made to increase sharply, and reduction of cost larger than before and 
improvement in processing speed can be aimed at. 

[0058] In the surface treatment approach concerning claim 26 thru/or 28, the carbon tetrafluoride gas independent plasma can be generated 
without using rare gas, and reduction of the etching processing cost by carbon tetrafluoride gas and improvement in processing speed can be 
aimed at 

[0059] And according to the surface treatment approach concerning claim 29, after starting of the plasma, the electron to a plasma production 
field or supply of active species can be suspended, and proper processing conditions can be set up. Furthermore, according to invention of claim 
30, the plasma can be generated easily and, moreover, the plasma with a high consistency is acquired. 

jf^^^ the gestalt of operation of the surface treatment approach in the atmospheric pressure plasma production 

approach and equipment list concerning this invention is explained with reference to a drawing. 

[0061] Drawing. I is the rough block diagram of the atmospheric pressure plasma production equipment concerning the 1st example of this 

invention. . . r*u 

[0062] In drawing J , the plasma generating section is prepared in the interior of a chamber 21 the lower part is carrying out opening of the 
plasma production equipment. The plasma generating section consists of electrode 2a of the pair which is the 1 st electrode and the 2nd electrode 
which were prepared on both sides of the tabular dielectric 1 of the pair in which the gap of 1 to about 3mm was formed, and the dielectric 1 of 
a pair and 2b in order to form the passage 23 of the supplied gas for discharge. Electrode 2a and 2b are for generating glow discharge within a 
gas passageway 23, and generating the plasma, and between two electrodes serves as the plasma production field 22. And_a ceramic etc. may be 
used for it, although quartz glass is used for the dielectric 1 in order to prevent the crack resulting from the temperature rise~by discharge in the 

case of an example. ' „ r . , ,. 4 0 , . _ 

[0063] The lower part of a chamber 2 i is the processing section which performs surface preparation oftheprocessed object 8, and the stage 7 
which installs the processed object 8 in the processing section is formed. This stage 7 is horizontally<movabje^ike the arrow head 24 of irawjng 
1 and it enables it to have processed the whole top" face of the processed object 8 by moving a stage 7. And the distance from the end face with 
the dielectric I near the processed object 8 to the processed object 8 is kept at about l-2mm. Moreover, a lower limit carries out opening of the 
gas passageway 23, and it enables it to have irradiated the active species generated by the front face of the processed object 8 which moves a 
lower part by the plasma. , 

[0064] It has grounded, RF generator 25 is connected to electrode 2a of another side through the impedance matching box 6, and one electrode 
2b is predetermined frequency (400kHz - 100MHz) (it enables it to have impressed high-frequency voltage) between two-electrodes 2a and 2b. 
Moreover, the photosensor 26 which is a plasma detection means is arranged in the proper part in a chamber 21, the light by the glow discharge 
at the time of plasma generating is detected, and a detecting signal is inputted into the controller 28 which is a control means. 
[0065] The middle chamber 12 is formed in the upper part of a chamber 21. The oxygenche^^ up with the oxygen gas 

which is gas for discharge through ducts 30 and 32, and the helium che mical cylinderTHi^ HliFwith the gaseous helium which i^rare gas are 
connected to this middle chamber 12. And the middle chamber 12 and the gas passajgewajy 23 are open for free passage with the gas supply 
opening 13 formed in the chamber 21 , and enable it to have supplied the gaseoushelium andoxygen gas which flowed into the middle chamber 
12 to the gas passageway 23. Moreover, the flow control valve 38 which constituteslReTsTgas supply means with the oxygen chemical cylinder 
34 is formed in the duct 30. Furthermore, the flow control valve 40 which constitutes the 2nd gas supply means with the helium chemical 
cylinder 36 is formed in the duct 32. It is made to be controlled by these flow control valves 38 and 40 in opening by the controller 28. 
[0066] Thus, generation of the atmospheric pressure plasma by the constituted plasma production equipment is carried out _as fo llowing, an d is 

[OO^The gas passageway 23 is held to atmospheric pressure, without decompressing. And by the controller 28, control flow control valves 38 
and 40 the oxygen gas and gaseous helium of the specified quantity of the middle chamber 12 are made to flow, and the mixed gas is supplied 
to the plasma production field 22 through a gas passageway 23. As for the amount of supply of the gas to the plasma production field 22, it is 
desirable for oxygen gas to be [ for 20% or less and gaseous helium ] 80% or more in flow rate. When the width of face (a dielectric I, gap 
between one) of a gas passageway 23 is 2.2mm and depth (direction which intersected perpendicularly with the space of oYawngJ_ ) is 38mm, 
supposing it specifically carries out the 100 cc/min style of the oxygen gas, 400 or more cc/min of gaseous helium will be passed. Then, where 
eas is passed, high-frequency voltage is. impressed between electrode 2a and 2b. 

[0068] In the case of this example, the "frequency of the impressed electrical potential difference was 40.68MHz, in about 2.3kV, glow discharge 
was able to begin with the peak peak (peak-to-peak) value, and applied voltage was able to gejerate.the plasma. 

[0069] If glow discharge is started, the light accompanying discharge will be detected by the photosensor 26 and a detecting signal will be 
inputted into a controller 28. Glow discharge is started based on the output signal of a photosensor 26, and a controller 28 suspends supply of 
oaseous helium while controlling the flow rate of oxygen gas at a complement to removal of the organic substance, such as ajesisj^ which exists 
m the surface preparation of the processed object 8, for example, the front face of the processed object 8, if it detects that the plasma occurred. 
Thereby, the plasma only by the oxygen gas which is hard to generate only with oxygen gas is easily generable. Once the pla. s . rn 1.2£S urs ' a ,ot of 
electrons are generated by the plasma, these electrons will collide with oxygen gas and this will be considered because ionization of oxygen gas 
come to be performed easily. 

[0070] The active species which is produced by the oxygen gas plasma generated as mentioned above in the case of ashing which oxidizes and 
removes the organic substance which exists in the surface treatment of the processed object 8 by the oxygen gas plasma, for example, the front 
face of the processed object 8, is irradiated on the front face of the processed object 8. 

[0071] Thus, in this example, since the plasma which used gaseous helium as a trigger only at the time of generating of the plasma, and used 
only oxygen' gas at the time of the surface treatment of the processed object 8 is generable, the amount of the expensive gaseous helium used 



can be reduced sharply and sharp reduction of running cost of ashing processing can be aime' - And since it is the plasma only by oxygen 
gas active species can increase sharply and can ....prove ashing processing speed sharply. For exa.^le, when oxygen gas of 2% of flow rate is 
mixed in gaseous helium, the plasma is generated and ashing is carried out conventionally, that whose ashing rates were number mum/mm can 
make the ashing rate.by the plasma of 100% of oxygen gas about 100 micrometer/min:- • riJ „ , . , 

[00721 In addition while starting supply of oxygen gas after it supplies only gaseous helium to the plasma production field 22 and the plasma 
by gaseous helium occurs when starting the plasma, you may make it suspend supply of gaseous helium in the above-mentioned example, 
although the case where passed oxygen gas and gaseous helium to coincidence, and the plasma was generated was explained. 
r00731 [In said example although the case where the photosensor 26 had been arranged inside a chamber 21 was explained, the translucent part 
which can observe the plasma production field 22 to a cham'beT2Tmay be formed, the translucent part may be made to meet, and a photosensor 
26 may be arranged to the exterior of a chamber 21. Thus, if a photosensor 26 is formed in the exterior of a chamber 21, a photosensor 26 will 
not be exposed to active species and a photosensor 26 will not be damaged. And although the case where a plasma detection means was a 
photosensor 26 was explained, the current of the circuit iinked to RF generator 25 may be detected, or the adjustment condition of the 
impedance of the adjustment machine 6 is detected, and you may make it detect generating of the plasma in the gestalt of said operation. And in 
said example although the case where gaseous helium was used was explained, neon gas,_argon gas, etc. may be used. 
f00741 Moreover when aiming at the<^'ab]ntyTmpr6vemJnt of the pewter by etching processing otTlTCT>TOCe55ed object 8 by the plasma of 
carbon tetrafluoride gas and removal of the>olM5hTXroT ;xample, organic substance) which exists in the front face of the processed object 8 
by the air plasma, resin,' etc., the carbon tetrafluoride gas plasma and the air plasma can be acquired like generation of the plasma by the above- 

[0075] 'tiwingT'Swh 31 showed that of the 2nd example of atmospheric pressure plasma production equipment, and (1) is the sectional view 
where a perspective view and (2) met the top view, and (3) met the A-A line of (2). 

T00761 In drawin» 2 the eel 44 is formed from dielectrics, such as quartz glass, and, as for plasma production equipment 42, the rectangle-like 
pas passageway 46 is formed in the core. As for the gas passageway 46, in the case of the example, 2.2mm and width of face B are formed in 
38mm for discharging gap (height) d. And the 1st gas supply head 48 is fixed to the end side upper part ofa eel 44. 

r00771 The interior and the gas passageway 46 of the 1st gas supply head 48 are open for free passage through the gas input 50 established in 
the eel 44 and enable it to have supplied the trigger gas led to the 1st gas supply head 48 through the duct 52 to the end side ofa gas 
passageway 46. And the trigger gas supplied to the gas passageway 46 flows towards the exit cone 56 of the opposite side, as shown in the 
arrow head 54 of this drawing (3). . _ 

100781 The electrode 58 for low frequency which constitutes the trigger supply means makes a gas passageway 46 and the top-face center 
section of the eel 44 cross at right angles, and is prepared in it. And the low frequency power source is connected to the low frequency electrode 
58 through the low pass filter (neither is illustrated). Furthermore, RF electrode 60 which is the 1st electrode is arranged in the top face ofa eel 
44 This RF electrode 60 is for generating the plasma, is arranged from the low frequency electrode 58 in parallel with the low frequency 
electrode 58 to the downstream of a gas stream, and is connected to RF generator 25 through the impedance matching box 6. Moreover, RF 
electrode 60 is arranged so that an edge may serve as the inside from the edge of a eel 44 only D (in the case of an example about 10mm), and it 
is made for ********** discharge to have not produced the side face of a eel 44. 

100791 The 2nd gas supply head 62 is formed between RF electrode 60 and the low frequency electrode 58. This 2nd gas supply head 62 is for 
supplying the gas for discharge which consists of mixed gas with the gaseous helium, oxygen gas, or the gaseous helium and carbon 
tetrafluoride gas which flows through a duct 63 to a gas passageway 46, and is open for free passage with the gas passageway 46 through the 
gas input 64 Moreover the earth electrode 66 which turns into the 2nd electrode so that the low frequency electrode 58 may be covered from 
RF electrode 60 at least is formed in the inferior surface of tongue of a eel 44. And RF electrode 60 of a gas passageway 46 and the 
corresponding part serve as the plasma production field 22. 

[00801 Generation of the plasma by this plasma production equipment is carried out as following, and is performed. 
0081 While supplying the gas for discharge which consists of mixed gas of gaseous helium, oxygen gas, or gaseous helium and carbon 
etrafluoride gas to a gas passageway 46 through a duct 63 and the 2nd gas supply head 62, the trigger gas of the same presentation as the gas 
for discharge is supplied to a gas passageway 46 through a duct 52 and the 1st gas supply head 48. And it is a low frequency electrical potential 
difference (while impressing 9.76kHz and lOkV (peak to peak value) in the case of an example, high-frequency voltage (in the case of an 
example frequency of 40.68MHz) is impressed between RF electrode 60 and an earth electrode 66.) between the low frequency electrode 58 and 

an earth electrode 66. . 
r00821 Trigger gas is activated, while corona discharge occurs in the gas passageway 46 of the part corresponding to the low frequency 
electrode 58 a part of trigger gas ionizes by this and an electron is generated. These electrons and active species ride the flow of trigger gas and 
the gas for discharge and are supplied to the plasma production field 22 as a trigger which starts the plasma. And an electron collides with 
active species or the gas molecule for discharge in response to energy in the plasma production field 22 by RF electric field, and it these-ionizes, 
an electron is increased, glow discharge occurs, and it generates the plasma. It is possible to lower the high-frequency voltage impressed to RF 
electrode 60 and the plasma can be generated easily. The active species generated by generating of the plasma irradiates the processed object 
which is not'illustrated from an exit cone 56 to this Fig., and surface treatment, such as ashing and etching, can be presented with it. 
r0083] In addition in the above-mentioned example, although the case where the gas for discharge and a trigger used the mixed gas of oxygen 
gas and oaseous helium or the mixed gas of carbon tetrafluoride gas and gaseous helium as ** was explained, only oxygen gas or carbon 
tetrafluoride gas may be used as the gas for discharge, and trigger gas. Furthermore, what mixed air in an air independent or gaseous helium 
may be used as the gas for discharge, and trigger gas. Moreover, gaseous helium may be used as gas for triggers, using the mixed gas of oxygen 
oas carbon tetrafluoride gas, air, or these one and gaseous helium as gas for discharge. And if glow discharge occurs and the plasma takes 
action to acquire proper processing conditions in the case of which [ above ], while suspending supply of trigger gas, impression ofa low 
frequency electrical potential difference may be stopped. Moreover, when using carbon tetrafluoride gas, in bubbling equipment, you may use 
f oas 1 underwater for through and moisture (H2 O), including carbon tetrafluoride gas. 

[0084] The result ofa generation experiment of the atmospheric pressure plasma which used the plasma production equipment 42 of the 2nd 
example is shown in drawing! and drawing 4 . Dj;awing_3- f |xes tl,e now rale of ox yg en 8 as (° 2 ) t0 100 cc/min > and shows RF in P ut P ower 
with the time of the glow discharge initiation when changing the flow rate of gaseous helium (helium), and glow discharge OFF 
(disappearance) Moreover, drawing 4 fixes the flow rate of carbon tetrafluoride gas to 50 cc/min, and the RF input power at the time of the 
glow discharge initiation when changing the flow rate of gaseous helium and glow discharge OFF is shown. 

[0085] In the case of which, it is B= 38mm in d= 2.2mm of discharging gaps of a gas passageway 46, and width of face. Moreover, a frequency 



is 40.88MHz and the high-frequency voltage U Mch the frequency was impressed by 9.76kHz • peak to peak value, and the electrical 
potential difference impressed the low frequent electrical potential difference impressed to the L frequency electrode 58 to lOkV and RF 
electrode 60 is using the RF generator with an output of IkW. 

[0086] And in drawin g 3 , it is an input power value at the time of discharge starting when 0 impresses only a RF (RF) electrical potential 
difference, and is an input power value when discharge when - impresses only high-frequency voltage turns off. Moreover, glow discharge did 
not generate x in drawing and is ******(ing) it. Moreover, it is the power supplied to RF electrode 60 at the time of glow discharge initiation 
when ** impressing a low frequency (LF) electrical potential difference to the low frequency electrode 58, and impressing a RF (RF) electrical 
potential difference to RF electrode 60, and ** is the power supplied to RF electrode 60 in case glow discharge similarly turns off. 
[0087] When only a 100 cc/min sink and high-frequency voltage were impressed, by flow rate, oxygen gas did not generate 25%, glow 
discharge did not generate [ gaseous helium ] oxygen gas at 75% (300 cc/min), and generation of the plasma was not performed as shown in 
drawing 3 . However, when 400 cc/min was passed for gaseous helium to oxygen gas 100 cc/min, glow discharge began [ applied voltage ] by 
about 2.3kV. And while the electrical potential difference which glow discharge generates falls according to the flow rate of the gaseous helium 
to oxygen gas increasing, input power declines. Moreover, the power which glow discharge turns off also declines in connection with the flow 
rate of gaseous helium increasing. 

[0088] On the other hand, when a low frequency electrical potential difference and high-frequency voltage are used together, even it oxygen gas 
is [ 25% and gaseous helium ] 75% in 300 cc/min, i.e., flow rate, for the flow rate of gaseous helium as shown in drawjngl , glow discharge 
occurs, and the plasma can be generated. Therefore, the amount of the gaseous helium used can be reduced and the processing cost of ashing 
can be reduced. And since the amount of mixing of oxygen gas can be increased, the rate of ashing processing can be raised. Furthermore, since 
it is superimposed on the active species generated by the low frequency electrical potential difference with the active species by the plasma 
while being able to lower the sustaining voltage of glow discharge if surface treatment is performed where a low frequency electrical potential 
difference is impressed to the low frequency electrode 58, after generating of the plasma can improve processing speed further. 
[0089] In drawing 4. , it is an input power value at the time of glow discharge OFF when the input power value at the time of glow discharge 
initiation when O impresses only a RF (RF) electrical potential difference, and - impress only high-frequency voltage. And it is shown that x did 
not discharge. Moreover, it is the power supplied to RF electrode 60 at the time of glow discharge initiation when ** impressing a low 
frequency (LF) electrical potential difference to the low frequency electrode 58, and impressing a RF (RF) electrical potential difference to RF 
electrode 60, and ** is the power supplied to RF electrode 60 in case glow discharge similarly turns off. 

[0090] When 50 cc/min style of the carbon tetrafluoride gas is carried out as shown in drawing 4 , it will not discharge, if the flow rate of 
gaseous helium is made into 400 cc/min. And the flow rate of gaseous helium can generate the impression glow discharge of high-frequency 
voltage in 500 cc/min, and input power declines with the increment in the flow rate of gaseous helium. And when a low frequency electrical 
potential difference and high-frequency voltage are used together, even if the flow rate of gaseous helium is 500 cc/min, input power lower than 
the time of a high-frequency-voltage independent can also carry out glow discharge. In addition, as for a dielectric, it is desirable to use a 
ceramic in order to avoid the corrosion by the fluorine, when using carbon tetrafluoride gas as gas for processing (reactant gas). 
[0091] In addition, in said example, although the case where the electron or active species which impressed and generated the low frequency 
electrical potential difference as a trigger was used was explained, the electron by which outgoing radiation was carried out from the 
thermoelectron emitted from the heated filamen, the electron gun, etc., the active species which this produced may be used as a trigger. 
[0092] Drawin* 5 is the sectional view of the atmospheric pressure plasma production equipment concerning the 3rd example, and shows the 
modification of the plasma production equipment 42 shown in drawing 2 . That is, this plasma production equipment 70 is what omitted the 2nd 
gas supply head 62 shown in drawing 2 , and other configurations of it are the same as that of what was shown in drawing 2 . 
[0093] The plasma production equipment 70 concerning this example introduces into a gas passageway 46 the gas for discharge which consists 
of mixed gas of gaseous helium, oxygen gas, or gaseous helium and carbon tetrafluoride gas through the gas supply head 48. And with the low 
frequency electrical potential difference which impressed the gas for discharge to the low frequency electrode 58, it is ionized or activated, an 
electron and active species are generated, these are supplied to the plasma production field 22 corresponding to RF electrode 60 as a trigger, and 
the plasma is generated. Thus, simplification.of plasma production equipment can be attained by constituting. Also when the gas which mixed 
air in gaseous helium is used, the plasma can be generated similarly. 

[0094] In addition, while supplying oxygen gas, carbon tetrafluoride gas, or air from the gas supply head 48 and impressing a low frequency 
electrical potential difference to the low frequency electrode 58, high-frequency voltage may be impressed to an RF electrode, and the plasma 
by oxygen gas, carbon tetrafluoride gas, or the air independent may be generated. 

[0095] Drawing 6 is the sectional view of the atmospheric pressure plasma production equipment concerning the 4th example. The gas 
passageway 46 to which the plasma production equipment 72 of this example is formed in the shape of T character, and the eel 44 is opening it 
for free passage with the 1st gas supply head 48 to the horizontal level 74 of a eel 44 is formed. And the 2nd passage 78 connected to the gas 
passageway 46 is formed in the vertical section 76 of . a eel 44. Moreover, the 2nd gas supply head 62 is attached in the upper limit section of the 
vertical section 76, and it enables it to have led the trigger gas which flowed into the 2nd gas supply head 62 to the gas passageway 46. 
Furthermore, while having arranged the low frequency electrode 58 in the 1 side of the lower part of the 2nd gas supply head 62 at the vertical 
section 76, the earth electrode 80 is attached in the low frequency electrode 58 of the opposite side, and the corresponding location. 
[0096] Thus the generation method of the plasma by the constituted plasma production equipment 72 is the same as that of the plasma 
production equipment 42 concerning the 2nd above mentioned example almost. That is, while introducing trigger gas from the 2nd gas supply 
head 62 a low frequency electrical potential difference is impressed to the low frequency electrode 58, an electron and active species are 
generated and the plasma production field 22 is supplied. Moreover, the gas for discharge is supplied to the 1st gas passageway 46 through the 
1 st gas supply head 48. And high-frequency voltage is impressed to RF electrode 60, glow discharge is generated, and the plasma is generated. 
In addition, as shown in the broken line, the gas for discharge which formed the low frequency electrode 82 also in the horizontal level 74, and 
was supplied from the 1st gas supply head 48 with the low frequency electrode 58 may be ionized or activated. 

[0097] Drawing 7 is the outline block diagram of the equipment which enforces the organic substance removal approach which is the 5th 
example and is surface treatment. This equipment consists of the gas supply section which supplies the gas for plasma production, the plasma 
generating section which generates the. plasma and forms activity gas, and the processing section which sprays the activated gas and processes a 
processed object. 

[0098] The gas supply section is equipped with the nitrogen generation machine 1 1 which can generate nitrogen from the very cheap 
compressed air. Instead of the nitrogen generation machine 1 1, you may supply from a commercial nitrogen chemical cylinder etc. From the 
nitrogen generation machine 1 1, dozens l/min supply of the nitrogen gas of the concentration of 99% or more of purity can be carried out. 



[009$] The plasma generating section consists of electrode 2a of the pair which was prepared in order to generate discharge in the passage 01 the 
gas formed with the dielectric 1 of the pair which formed the gap of 1 to about 3mm in order to form the passage of the supplied gas, and the 
dielectric 1 of a pair and which sandwiched the gas passageway, and 2b. Quartz glass is used for the dielectric 1 in order to prevent the crack 
resulting from the temperature up by discharge. 

[0100] The processing section consists of stages 7 in which the processed object 8 is installed, the stage 7 is horizontally movable, and it is 
possible to process the whole processed object by moving a stage 7. The distance from the end face near the processed object of a dielectric 1 to 
the processed object 8 is kept at about 1 -2mm. 

[0101] The nitrogen gas introduced from the gas supply section is supplied to the middle chamber 12 installed in the plasma generating section 
upper part. By forming the middle chamber 12, gas comes to be supplied to the processed object 8 with gas flow rate distribution uniform in the 
shape of Rhine via the gas passageway 23 formed with the dielectric 1 of a pair from the gas supply opening 13 by which opening was carried 
out to the shape of a slit. 

[0 102] Two power sources are connected to electrode 2a so that the electrical potential difference of two kinds of frequencies can be impressed 
to coincidence. One is the 20kHz power source 9, and it is connected to electrode 2a through the filter circuit 3 prepared for the overload 
protection of the 20kHz power source 9 by the pressure-up transformer 4 and 13.56 moreMHz RF power outlet for carrying out a pressure up to 
about tenkV. Another is 13.56MHz RF generator 10, and is connected to electrode 2a through the impedance matching box 6 and the filter 
circuit 5 prepared in order to prevent the overload of 13.56MHz RF generator 10 by the output of the 20kHz power source 9. These two power 
sources 9 and 10 are controlled independently, respectively, and it superimposes and they can impress [ independent or ] an electrical potential 
difference. Electrode 2b which counters serves as an earth electrode. 

[0103] Next, the discharge generating approach is explained. In 1 3. 56MHz RF generator 10, since the frequency is high and only about 2-3kV 
of electrical potential differences cannot be impressed, discharge is not started in the ambient atmosphere of a nitrogen gas simple substance. 
Then, the high voltage of 20kHz by which the pressure up was first carried out to about tenkV is impressed to electrode 2a according to a power 
source 9, and corona discharge is made to start. A power outlet does not need high power, if discharge can make it start. Moreover, even if it is 
not discharging at this time, the electrical potential difference of about tenkV or more should just be impressed to inter-electrode. 
[0104] After corona discharge is started, it is superimposed and impressed by electrode 2a by which the high-frequency voltage of 13.56MHz is 
impressed to the electrical potential difference of 20kHz according to the power source 10. 

[0 1 05] Drawing 8 shows change of the luminescence reinforcement of the discharge when fixing the output of 20kHz with 50W, and increasing 
the superimposed RF output of 1 3 .56MHz gradually. An axis of abscissa is the output of the 1 3 .56MHz power source 1 0, and an axis of 
ordinate is the luminescence reinforcement of discharge. The luminescence reinforcement of discharge is thing ****** which detected with the 
photomultiplier tube what improved lightning with the optical fiber from the gas diffuser of the eel of a dielectric 1, and carried out spectral 
decomposition of the discharge section with the spectroscope. Luminescence reinforcement is the reinforcement of arbitration and the 
wavelength which carried out the spectrum is a 336. 9nm nitrogen content child spectrum. 

[0106] In the field a in drawing, even if it makes the RF output of 13.56MHz increase gradually, luminescence reinforcement hardly changes. If 
the high voltage of 20kHz is cut under these conditions, it cannot stop and discharge cannot maintain discharge in a 13.56MHz high-frequency- 
voltage simple substance. If it becomes Field b, the part to which luminescence reinforcement becomes strong locally will appear. In this 
discharge condition, even if it cuts the high voltage of 20kHz, discharge can be maintained only with the high-frequency voltage of I3.56MHz. 
This is considered because the energy by which it is once obtained from high-frequency voltage even if the electron generated by discharge does 
not use the high voltage of 20kHz can perform [ an electron ] gaseous ionization continuation now. 

[0 1 07] Field c is in the condition that high frequency discharge was formed all over the electrode, and even if it cuts the high voltage which is 
20kHz like Field b, it can maintain discharge by the high-frequency-voltage independent. Since strong discharge of luminescence reinforcement 
is mostly formed all over the electrode, they are the conditions which were most suitable for homogeneity processing the processed object 8. 
Thus, under the obtained discharge is passed, and the surface treatment of the processed object 8 becomes possible, without exposing ****** 
which sprays the activated nitrogen gas on a processed object, and a processed object to the plasma. 

[0108] Next, the experimental result about the organic substance removal in the surface treatment by the plasma production equipment of 
drawing 7 is explained. 
[0109] 
[Table 1] 
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[0110] Table 1 is a removal rate when removing the resist applied on the silicon substrate. Processing conditions set the distance of 13.56MHz 
output 400W, nitrogen quantity-of-gas-flow 1 0 1/min, a work piece, and the discharge section as about 6mm. The distance from dielectric 1 end 
face to a work piece is about 1mm. As for the resist removal rate at this time, in directly under [ of gas / blowdown ], 150 nm/min was obtained 
in the resist depth direction. 

[0111] The result of having carried out ashing of the resist with oxygen gas using the same equipment was shown in Table 1 for the comparison. 
Processing conditions are made into the same conditions as nitrogen gassing except that types of gas differ. The removal rate by oxygen gas is 
180 nm/min extent, and it turns out that the REJISUTON removal by nitrogen gas is almost same with the ashing processing speed of oxygen, 
moreover, the rate that an ashing rate decreases as the distance of the discharge section and a processed object leaves ashing by oxygen gas - 
**** _ w J hen the n itrogen gas which it hears was used, even if distance separated comparatively, removal processing of the organic substance 
was carried out. Since the life of the active species of the nitrogen which is discharging and is generated is longer than the active species of 
oxygen, this is presumed to be spread more and for a processing reaction to occur. 

[0112] Moreover, the comparison about the processing from which frequency conditions differ also went. Generally, in order to raise an organic 
substance removal rate in the case of an indirect discharge method like drawing^ , it is good to make the discharge section approach a 
processed object, or to make an impression output increase. It is because attenuation of active species is small, so many active species can reach 
a processed object, so that conveying distance is short, and making the discharge section approach a processed object is the process in which the 
active species generated in the discharge section is conveyed to a processed object, and it is because the absolute number of the active species 
generated during discharge increases by making an impression output increase. However, since the electrical potential difference impressed is 
high when the high voltage of 20kHz is used, if it becomes beyond a certain output, discharge is not only maintained by inter-electrode [ of a 
pair ], but discharge will occur between processed objects and a processed object will be damaged depending on the case. In the comparative 
experiments using the 20kHz low frequency high voltage power supply in this example, the distance of a processed object and an electrode must 
be detached about 25mm or more, when an impression output is 200W. In the plasma treatment by the 20kHz low frequency power source 
when making this into processing conditions, when not only nitrogen gas but oxygen gas was used, the resist removal rate was very slow and 
was 5 or less nm/min. 

[0113] Without exposing a processed substrate to discharge by 13.56MHz high frequency discharge with a high frequency from the above 
result, since the output which the plasma can be made to be able to approach a processed object more, and can be impressed can be made to 
increase, the plasma of high density can be formed. Consequently, the active species of the generated high density could reach the processed 
object, and improvement in the speed of processing was able to be attained. 

[0114] By the way, in this example, although removal of a resist was tried on the same conditions using air, the resist was not removed at all. 
Then, as a result of defining the mixing percentage to the oxygen of nitrogen as x(nitrogen flow rate/(nitrogen flow rate 10 oxygen flow rate)) 
100% and checking with some mixing percentage, as shown in drawing 9 , in 99% or more of mixing percentage, and 20% or less, it has the 
resist removal effectiveness, and it turned out on the gas conditions of mixing percentage in the meantime that a resist is not removed at all. 
[0115] This reason is considered as follows. First, a reaction with a mixing percentage of 20% or less is presumed to be an organic substance 
removal phenomenon by oxidation like the conventional oxygen ashing. On the other hand, the reaction in 99% or more of mixing percentage is 
the active species of nitrogen and the reaction of a resist which were formed in the plasma, and it is thought that the organic substance is 
disassembled by the comparatively high particle of not oxidation reaction but the nitriding reaction of a resist, or energy. 
[01 16] However, during discharge, if there is oxygen at all and it mixes [ fixed ], the active species of nitrogen and the active species of oxygen 
will react, and comparatively stable nitrogen oxides will be formed. These stable nitrogen oxides are. exhausted without reacting with the 
organic substance, and an organic substance reaction does not occur. It is presumed that removal of the organic substance was not able to do it 
under the effect of nitrogen oxides since the mixing percentage to the oxygen of the nitrogen of air was about 80%. 
[0117] Drawina 10 is rough block diagram ****** of equipment which is the 6th example about this invention and enforces the organic 
substance removal approach. The same sign ****** and detailed explanation are omitted about the 5th example and intersection. 
[0118] That is, in this example, a dielectric I is inserted and electrode 2b and electrode 2a which were grounded are installed. The 13.56MHz 
power source 10 is connected to electrode 2a through the impedance matching box 6. the heater is installed in the interior by electrode 2a and 
electrode 2b, and predetermined should wait the degree of** to them - an electrode is ****(ed) and it can be kept constant. 



[0119] Next, a discharge procedure is explained. First, electrode 2a and electrode 2b are heated at a heater, and the discharge side of a dielectric 
1 is heated indirectly. The discharge side of a dielectric 1 is heated for raising the emission nature of the secondary electron from a front face, or 
a* thermoelectron, and discharge starting becomes easy to carry out it, so that there is much emission of this secondary electron or a 
thermoelectr'on. Therefore, it is easy to carry out discharge, so that the skin temperature of the discharge side of a dielectric 1 is high. After 
dielectric 1 front face gets warm, nitrogen gas is introduced in the eel of a dielectric 1 (gas passageway 23), and the electrical potential 
difference of 13.56MHz is impressed to electrode 2a. Atthis example, when whenever [ electrode 2a and stoving temperature/ of 2b ] was set 
as 200 degrees C, discharge was able to be started with the nitrogen gas simple substance by the high-frequency voltage of 13.56MHz. That is, 
high-speed resist removal was completed like the 5th example using nitrogen gas. 

[0120] Even if a means to heat an electrode is not a heater installed in the interior of electrode 2a or electrode 2b, it may be a means to heat the 
discharge side of a dielectric 1 using infrared radiation etc. from the exterior. Furthermore, it is desirable for the high thing of secondary 
electron emission or the thermionic emission of the ingredient of a discharge side to be high. For example, since a thermoelectron tends to emit 
them even if SrO, CaO, BaO, etc. have a small work function and its surface temperature is not comparatively high, they are suitable for the 
electrode surface'ingredient. These ingredients may be constituted by the dielectric front face as a thin film. 

[0121] Next, the example of the wettability improvement by the surface treatment of the processed object using the nitrogen gas by this 

invention is explained. , 

[0122] The surface treatment equipment used for this example is the same processor as the 5th and 6th examples, and detailed explanation is 

omitted. 

[0123] That is, using a glass substrate as a processed object 8, nitrogen gas blasting processing [ activity / glass substrate ] was performed by the 
surface treatment approach by this invention, and the contact angle of pure water estimated wettability on the front face of a substrate. The glass 
used for evaluation is OA-2. The contact angle of the pure water on the front face of glass before processing was an average of 70 degrees. 
[0124] Drawing J 1 shows- change of the contact angle by the processing time of a glass substrate. The result evaluated about the conditions from 
which a frequency differs was als6 shown for the comparison. In order to use the high voltage as already explained in the 1st example in the 
processing using the frequency of 20kHz, conditions have constraint and comparative evaluation is carried out on the same conditions as the 
organic substance removal conditions shown in Table 1 . the nitrogen discharge-in-gases processing using 13.56MHz according to this invention 
so that d[awing LI may also show 20kHz electrodischarge treatment - a ratio - BE and wettability are saturated for a short time clearly. 
[0125] By the way, in this example, although tried about processing to the wettability improvement using air, the wettability improvement of a 
glass substrate front face was very slow, and by the time the contact angle was saturated, it took 5 minutes or more. Then, as a result of 
changing mixing percentage and checking it about the contact angle in processing-time 30 seconds, as it defined the mixing percentage to the 
oxygen of nitrogen as x(nitrogen flow rate/(nitrogen flow rate 10 oxygen flow rate))100%, and it was shown in drawing.L2. , it became clear that 
there were quick conditions of wettability improvement processing in 99% or more of mixing percentage and 20% or less. 
[0126] In wettability, some factors can be considered, but since the high conditions of a wettability processing speed improvement effect are 
now mostly in agreement with the organic substance removal conditions stated also with the nitrogen gas plasma, it is presumed that the 
cleaning effectiveness on the front face of a substrate by the dirt of the organic substance adhering to a substrate front face having been removed 
is large. However, when nitrogen gas is used, it is presumed that hydrophilic groups, such as NH radical, are generating on the substrate front 
face. Therefore, as gas used for the improvement of ******, nitrogen gas is desirable. 

[0127] Drawing 13 is the perspective view and sectional view of the 7th example. The gas passageway 23 is formed with the pipe 82 which this 
example is the thing which enabled it to perform local surface treatment easily, for example, was formed from dielectrics, such as a quartz. 
Moreover, 1st electrode 2a and the 2nd electrode 2b are arranged in the diameter direction both sides of a pipe 82, and the plasma is generated 
by inter-electrode [ these]. And the gas installation tubing 84 is connected to the pipe 82, and it enables it to have supplied the gas 86 for 
discharge to the gas passageway 23 through the gas installation tubing 84, as shown in the arrow head of this drawing (2). Generation of the 
plasma by this 7th example can be performed like the 1st example. 

[0128] Drawing U shows the 8th example and is plasma production equipment for batch processing of a processed object. In this example, the 
dielectric 92 of the shape of a pipe which forms the gas passageway 23 in a chamber 90 is arranged. And the gas installation tubing 94 is 
connected to the end of a dielectric 92, and it enables it to have introduced the gas 86 for discharge into the gas passageway 23. Moreover, the 
plasma supply pipe 96 which consists of a flexible pipe etc. is connected to the other end of a dielectric 92. As for this plasma supply pipe 96, 
the tip is connected to the processing box 98. Inside the processing box 98, much processed objects 8 are contained in the condition of having 
arranged on the rack 100 etc. 

[0129] Thus, in the 8th constituted example, high-frequency voltage is impressed between electrode 2a which the dielectric 92 has arranged up 
and down, and 2b, and the plasma is generated like the 1st example. And the active species generated with generating of the plasma is 
introduced into the processing box 98 through the plasma supply pipe 96, the processed object 8 is irradiated, and ashing, etching, etc. of much 
processed j)bjects 8 are performed at once. 

[0 130rTf)rawin!i 7| is the sectional view and perspective view of the 9th example, and is for direct electrodischarge treatment suitable for 
etchi^^tcrOner^ielectric 104 is formed in the U shape, and this plasma production equipment 102 is arranged ranging over the heights of an 
earth electrode 106. And it enables it to be displaced relatively by the dielectricUM^PjlLhX^lh electrode 106 to the longitudinal direction. 
[0131] While having formed RF electrode 108,>egas supply head 110 is attached in the upper part of a dielectric 104. Moreover, the tabular 
dielectric 1 12 with which the processed object! is arranged is formed in the heights top face of an earth electrode 106, and a gas passageway 23 
is formed with this dielectric 1 12 and dielectric 104. Thus, in the 9th constituted example, since the processed object 8 is exposable to direct 
discharge J _surface treatment, such as quick etching, can be performed. 

[0132?lDrawm , g : 56 shows the example of further others. In drawin g 16 . plasma production equipment 1 14 is formed with the dielectrics 116 
and I f^tthG'rtpper and lower sides of a gas passageway 23. Moreover, plasma production equipment 1 14 is provided so that RF electrode 120 
and an earth electrode 122 may counteron^ttr?^ 1 16 and 118. And RF electrode 120 is covered in the upper part of a 

dielectric 116, and covering 124 is attached in it. Distance L of the inside of this covering 124 and RF electrode 120 is made larger than a 
dielectric 12o'and the distance d between 122 (discharging gap). Moreover, the fluid which cannot discharge easily from air, for example, 
carbon tetrafluoride gas, is enclosed with the interior of this covering 124. 

[0133] Thus, by having constituted, the creeping discharge by impressing high-frequency voltage to RF electrode 120 can be prevented. That is, 
when generating the plasma, without mixing rare gas, such as gaseous helium, the high voltage is needed rather than the case where rare gas is 
mixed* Especially when discharging from air, such as carbon tetrafluoride gas, and using ****** gas, if there is a possibility that creeping 
discharge may occur and creeping discharge occurs, an electrical potential difference falls, and maintenance of discharge cannot become 



difficult and cannot generate the plasma. Then, ♦ gas etc. is enclosed ror a.scnarg.ng iron, a.. ... euvem.g <zh, a,.u ueep.ng 

STfn idET^ay replace with carbon tetrafluoride gas and insulating oil etc. may be enclosed. Moreover, the free passage hole 126 
which opens a gas'passageway 23 for free passage in covering 124 to a dielectric 1 16 is formed and you may make it supply the carbon 
tetrafluoride gas made to flow in covering 124 to a gas passageway 23 through the free passage hole 126 as shown in the broken line of 
drawing 16 .Thus, equipment can be miniaturized while being able to aim at prevention of creeping discharge, if carbon tetrafluor.de gas is 
suoDlied to a eas passageway 23 through covering 124. 

OH I In addition in order to aim at prevention of creeping discharge, it is desirable to arrange noth.ng near the electrode but to make it only an 
electrode And when arranging something near the electrode, it is good to keep the distance of 2 or more mm/v desirably. Moreover, as for a 
S ' U is desirable for the field which forms a gas passageway to use the thing which has irregularity few as much as possible, and it 
is desirable for the average of roughness height to make it 0.02 micrometers or less. If a crevice exists, electric field concentrate on the part, and 
nartial discharee will arise and will depend this on it not being desirable. 

fo 136 Furthermore when shown in drawing 2 , as for RF electrode 60, it is desirable to make it not disturb from a eel (dielectric) 44, and it is 
desirable to arrange'from the edge of a eel 44 to 1cm or more inside. If an electrode disturbs this from the edge of a eel, it will be because it is 
easy to produce ♦♦***♦*♦** creeping discharge for the side face of a eel 44. 

lEfftct of the Invention] As explained above, when according to this invention the atmospheric pressure plasma can be easily generated using 
he eas which made [ many ] rates to rare gas, such as oxygen gas and carbon tetrafluoride gas, without using rare gas, drastic reduct.on of the 
amount of the expensive rare gas used can be aimed at and it uses for surface treatment, cost reduction of surface treatment and improvement in 

10 n^lMoreovt 'a'ccordingto this invention, under atmospheric pressure, since it can discharge using cheap nitrogen gas not using helium, a 
unnine cost can be reduced. Furthermore, even if it does not use helium, discharge under atmospheric pressure can be easily performed using 
h Thigh-frequency voltage of several MHz or more by reactant gas like nitrogen gas or oxygen gas, and improvement in the speed of processing 
s p fib Moreover, under atmospheric pressure, without using oxygen gas, by implementation of the high frequency discharge using nitrogen 
pas like oxygenation, since removal and a wettability improvement of a substrate front face can do the organic substance, it can apply to 
processing of the processed object set in the ambient atmosphere with danger, such as a processed object which makes ox.dat.on a problem, or 
ignition, and a new process can be proposed. 



(Translation done.]. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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x~?y*-i;\i&.t%\,\ 

[0008] 

izffljbw&LXott&mm) tzzx\ mm*?*. 

fztb. mwixmir£<r>%&. wmmryx-zft 
±ux mtifz&mz^m-h t . fflaMHctBBJifc^ 

[ o o o 9 ] ia«sc®!5a*^T, HhWm-Zft 
%w ztut. ^vvj±flxtfitwm%izftMthtf 

xxfo h k mz . U^JgttSSr J: o ^ < a 

[0010] HRWfc. r^XvcoSfgyi^v^Jk'JaHl 
3(S^|6l±-rSvIk*%A>iiTV^. KdE+OT^Xv 



7 

®miW)saztLhW±com&$LizhmfL. mmapm 

\Mb'W&&<07yX'?tffit>i\Z>l:WhixX^Z>. -I 

mitt32itz>ztii&ibxm£x$>z>. ztiiz. mum. 
max. tm^x^aco^jamxcDmmmithn&ip. 

(Cte&t*. gsg#XC^*§-£\ 1 mmgJg^mSISHj 

^OilbVY^Diai^mTfc^fcA 1 ^ *S\ffX 
5X-?££i£-r&*»£. T^Xv^fcjfctfx (Uc®8# 

iOfflmti. £tt<09 0%fcUi£imB»^E*>'K< 
\^)<lkiix. moiOX&LTtWmtfxtctinK 
fnafxt^xa*). ^jaijx^^m^tzry^y/ 

[ o o 1 1 1 a±»<fc«e8i*ttt*iit**' 
mimfcziix ttot^o mm#*>t> . Lfc*^ x . 

[0 0 1 2] K*fcJflVVO*6fc*>» ^/^fcUS 

v\ E»<okfc9. XYytfAitttllx&mZi*^ 
[ 0 0 1 3 J *StfEX7Xv*P«±. ^/7X 

U^xhlMt^-ofz^Mi^th. 
[0014] V±(om&££*X%i}tLt:l> 

m^x^m&i^zm^tt^ti^. 
%ETXTyX~?t;<miz£j8X$ hXo iz-TZZt iz 

[00 15] ttz. *3Wfc>B«tt. ft*ix*®mtz> 

too 1 6] 3^ *m<r>m&. ryx^imn 
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[0017]$ ^>{c, mizm^&fixn? 

[0018] 

ftc, isr*Jii<of&BBt«&^a7-7x-7i{fc^ 

io a, SStftfciOMU^I«^^K*T 
Cfc&X7Xv^S$£8cmra#*£gAU mzm 
m.i^i&JiXWffzm l SSk& 2«ffit KsESfgE 
SrSttuLT X^Xv£fte£tf6;^EX7X-?4jfcfr 

BT7Xv^mmzmixTyx-?zm.z-£. z 
tmm'xcom^w±-r s -r t . 
[0019] m%%2<rmniz&h*3&-x7X-?&]S. 

^EE£ Win Lxr yX^zmiZ -ei-ASSEx? xv£ 
cfrffitrfcv^T. %s#x$:m£T ; 7X-?£&mmz&t& 

str yxv&ssMmzmti Lxmmmmxxt «* &x 

[0020] ffM3<^Jfc&£;^X5X^I^ 
7r£«. 1 X(i 2 tcfcv . 15!e»WIffl#-* 

[0021] IS^4 «:flil^E75X7M 

mti. mm*iz£VB&Lttsmx\t*<mm)B. 
*Tizhh77Xv&&mmzit(Mm#xt:m\h. m 
mmmvmxwitim 1 mst^2«6t izmm 

n&Zm\LX7yXvt:mLZ-£Z>7d5&7yXV&. 
fSJjmiz&^X. 'J?%<ti>mi7yX-?£jm$Ke> 

ntsffimiz, mtryx^^&mzn^xwxft 

comQ&imsSXiMmtixt b h£imiX7yX-7Z 

[0022] !££JB 5 «5|HJ]^S^E7-5X-7« 
x. W? •y{tBm#xxii.Zi\t><r)l'Ot%i*}Xt<?>iB. 

<&tixxhzztz¥imt-?h. 

[0023] fa#Jg6 <r&mz%i*5&.7yX-?>S& 

■mat. 'mMAX\t5<,zii\yc . B?tar7X-7<7)%4 
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[0029] mmi 3<0»fflfcfcS:tt&E7*5X'?& 



too 24) m^i (r>m\~&hxm77x-?%& tf&mt. mmsyjS-i 2^^m-\,za\jx. wia 

m&&. E&BtiM 00kHz-10 0 MH zTt>h fcii. KfiEs^SmiS^^L^mSSrS^T*^*-^ 



[0025] J^*^T7Xv4&:l5«£fltjrf& tfj£ALT&&£i:5:*»-r&. 

i^«8c^BJtffi|,^mEr7X-74j£J|gU. 7-5 [0030] IfcPSl 4<timtZ&&*M&7y X-?$L 

x^*m&mm&thm.frt. *sssx\t*<»m smm. wtmi 3tza^x. m&mx vmmuz 

(DEJiTiz&&imT7Xv^®&izmsmm#x < v^w±H7 viurnxxx-h iuiei*m*w±B-i 

«Sift«E^ER!ni-rSSS^®Sk . miXyXl&tfL [003 1 ] KM 1 5cO^J3H«i^mST7X-7^ 

mmzryXvtfmiLZZtiWJtt&ryXv&iii fi^M«±, li*«l 3^14cOV^McfcV^T. bo 

f^2#Xfc£¥«S:i«»U w£X7Xv4u£««^ «i, m§i7y Xv^*8*>tt«*ir -/X«fc 9*£ < 

[0026] lf^5B9oaBat«&*m£EX5Xv4ia 20 SimKi 9XMt$tifc4s^2: . 1u1B^te£ifcW:SS 

xtj: zzryx^m&mz. 1 #xttta#s£ ^^sal, mr^ i msaif^2«sratss»m 

w&Lxmtxyx^^mfcmmmmmtixz ^rnm-hztx-ryx^^t. ryx~?\zx~> 

mitthztvmt-th. mmi oemitz&z* x£&2t\fzmmiwmmzm>mixmimL 

^ex5xv4j^s«. ryx-z&m&i&mxh mt*<?mm<o^m*zm;?2>m9mm£t5^x. 

wmfct. j3ffix\t*<?>&mi±})Tizt>&miTy mmmmfix\±. mmxpem^tstixx-h*). a 

xv^mmzmmfix&mzi-zxx&tz^&t. mrtmtzmmitm= (%m%ms (mmmrt-m 

Tdv^iitc^mKfiTizb&miTyxvijijm ssa ) > x 1 o o # 9 9 xatflb &ztzmti- 

mzfgTxuA'xmmmm&i-h h 'J & . 

t . m!iftmt» 1 mm.v%2m& 30 [ 0 0 3 2 ] tt*« 1 7<rw&iz®h$m9m)mt. 

t. inmiw&tm2mkt<rffliz&ffimE£mto ?3ffix\t*<mmomTx\ -ncomrnmzxom 



j£S£gfct X5X-74JS^«^»JSt-^iimftk . *Sv fc7T7X^££jRL . TyXviZ* ~>X±&Z1vK.% 

tt\t*mm&XT&h&m&yx^^w%z m£wmmzwttm.hxmm>mfc<r>m*®. 

xlfcDiSttg*tt*STr& h 'J ^'fl^^S t . rnlEISm (liSSfi/ (M«£fi+BE*«S) ) x 1 0 0 tf 

i9mx-WLVKmwB3LVfii2W&t. ^>sfsims 40 9 9%&±x'bhz\tzmit?z>. 

t%2nstmizsm%m&£maL. ryx-?m [003 3] mxmi s^m^mmnmimt. 

&$*zi$mm,Mk. mzxyx~?&smmzTyx m*mi exuiiiz^x. mryx-vzwrntz 

■?im£Uzztzmt?&7yX'?®ii&®t. ^?bimm¥t®i) i iMHz~~iooM}iz<r>m® 

Tyxv&iuz&n&iiimmzm^x. mihvm ®mj±t:if>mhztx'hz>ztzmLttz>. 

urn ixmrnTXtemmnmiftk-tz [ 0 0 3 4 1 mm. 1 9<mm.&z>mym)m*. 

mmfttm-tzztzmLttz. rnxmsizn^x. me^iuE&€*«^sts 50 

[0028] §fc£« 1 20%BB(c^|,^:fiE7-7X-74 k H z«TO^SE6PJn#6Sr»iiL. B?ie«fSERi»n 

mm% , m<?)ftj)?z>nmmi. ^m*^ 0 0 k WEatw«»*aii«ifcii«i^^ 

Hz~10 0MHzT'*&-fc£ ; 8l&fc-f6. 50 E!WBEWJl^S*«ftLtfflv^ii:*»«k-t4. 



[0027] H^fll l<0l|B8tc«i&^£EX7X^4 
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mm2 ortrntHbsmmiimt* mm i sc m^mzx 9mLKTyx^!£fm&£.*mxii* 



[oo35] m$m2i omuz&hmffitmmit* xTyx-?z&s&.i^ ryx-^zx-ox^^tuzm. 

Kmx\iz<rm.8i<?>EJiTx\ -nommmzx *)% m£mmmzmiLxtmm±mt¥<mm£z-vi-y 

j&.ztitz±ii>b. msdMsm*zvu,tzmiw&».v&2 m$m®mxmtzt5^x . m^Tyx^&smmz 

mg*>^»ats*u mt±)\spnzitcmm*jx£mxi. m'xtnyviUgmtixtoft&tixzm&LXT? 

m§^immvm2fmsiizw±t:mitfz>ztx'T x^zmiZ-e. mxcrm&zftitLxmy 

wmmzmwMtmmxmmt&^x . <j>£< io 4. 

t kX5Xv^i^T-<D>ft$£<9»3ta. fSemi igffi [0040] mm2 7<058WCff 6f«ai»ffitr8Bl> 

Rt/B5l^2«SSt«Bt<0^i^«»^*t-?.mE WlfrfcJ: O^L^^EXJi-tcoifi^oKiT^J) 

zg&ixfmtzztzimt-tz. zyyxv&mmzimmrfxzmxi. m^mmw 

[0036] n*ja2 2ffmmizumm>mmii. £m,x^inzmmmtt82m&tiz&®&mj±z(v 

mm2 1 Kfi^r. mimL^m^hmm^i-h MLxryx^i^&L. ryx^izx^x^^ttfz 

mSii. 'J>%<tt>. lMHz~10 0MHzO3US «^^»^*^!»3«tTl9E»J(!ffil««0^a55:x-y 

E«atx 5 0 k h zMTom 2w±mirt>e&2ti& i> ^y^-rhmmmm^tzti^x . twiex^xv^js® 

izAiffixmco&woBfiTxifiMmA'AzmA u 20 flj?*^'xt «t h7yx-?*>&Brt-h tt hiz, mm 

8^£fWoLT7-5Xv££j£U x^x-m* -?t [004 1 ] mm2 aomiiz&hmm&wjm*. 

^ztifzmmzwmmzmtLxmiwimfcc?) mmmzx m&itz7d*j£zit*<ttm>EXTiz$> 

mfiwWMiM&tZ&MXmX&t&^X. «£7 &X7Xv^®«lcJfcmffl#x£#AU nu£^<* 

yx^^mizmxtmttrxtco&iiirxtm i^x&irt&immt^n&tt&m&mE.*® 

LXXyXiZmLZ-tt. Z<Mk~ mxv>mt:i¥± iDLrr?Xv£4lSU XyX-7l,z£'oX&J$.Zhfz 

ixmmtfxtz* z>7yx-7£±sttf-h z t zw&t-r m&z&ymmzmi Lxm^mm^mm^ -v 



Wmi*££W&tK*$&Xli*<7teG&>&J)Ttzh 30 tcr>&£#xfr^j:&Wma#xtti>lzim7yX-? 

h7yxv£jmmizmm*fxmAi. mmm ttmtv&Lxryxvzw&zztiw&t-t 
zwtTWuftzm i -mtft2m&tizmmm&m 

»]LTT7Xv££j£U 7yX-7tzt->X£sS.ZtiX: [004 2 ] 113^2 9<D^~&S^ffi*iS#83i, 

mmimmwizmixBmmmu^mmtowi mm2 5xii2 stzts^x . mier^xvco^at 

ETyxv^mmmtfxtmixmtfxiz x i o o 4 3 ] m*j$f3 o<o&«fc&£Si®»Ji2fS&L 

SX5X-7££j£-f!>fcfctC. 1ife##XcOt*££f? 1^52 4^3 20^W)Hci3V%T, 15lfiSSK« 

jh^ifc^imafc^. «*R#4 0 0kHz~l 00MHzT'*)5ii: 
[00 38]a«fl2 5<7)f6BBt«l»^ffi«ia*ffiJi. 40 £86tfc't£. 

ISmtttcJ: L£^vEXIi*<OiS#tf>E>JTfc*> [0044] 

h7yx^mffl$Azwmtfxzm\L. mmmw mum ±Eort <fflB£t^is^iaix{i2^s% 

JnLTX7X^££j£U X^XvtioT^J&St^ #X*flfflU X7Xv#iLl^ofc<Dt>{iS&#X<7>tt 

^^i^i-r-s^iswus^ffit^^^- m^xji^'xttcT) g{cffl»ri»ct* < -c'§. ^Er^xv^^B^s 

?Stt8^i^^XX<iSS^Xi:#^xt^fi^'x*> ^5^^T7Xv£fflv>*:?«S£ 

MimRxxtbtizmiTyxv&mtiiizm fiozttfxzh. mmmm^xttxa. wjxy 

ixryxv£!kj8.zit&zt$:mit-tz. ^f^wkm^m^th^znim^x. 



^x^WL^n:mlm&tm2n&ti,zlsm$im&^mal 



[0037] m$3%2 A<mmz&z>$mm}mi.. 



y-yyth&wimiT&iz&^x. mTxuxxftwis 
tts^H7 vwrntixximj jit&mfixtm#x 
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[0045] m$.m4tz&z>mizi5^xii.. r?x~? 

hzttfx-^h. wmftfiztLXii. g^*'x, my 
cD&%t:ft±Lxxi. mixmixhxw 

[0046] ±M<Dj^T7Xv£j$jjmiZi5^X . 

itbE»«E?>Jil»SKi. # v H*7JU»KJ^ 4 0 0 
kHz-lOOMHz. S£L<ii4 0 0kHz~4 0 
MHz WSMTiz-f h t . TyX^&jStimeMFftf^ 

^effiff £ Rfeit-t^ - fc & . m&m*4 0 0 k H 

z£*)&<%zt. wzmztf-hn.Tm&z < % 

0. 3a-««££M-r^. ifc, E«St#10 0M 

h z zmt zxo taasm&th t , m^mstmifi 

m<%->X%%tz£Z1tft%x*.)\,*?-tffiL>tvf. 7 

[0047] IM8X»i9tl«l»^ET^ 
X-?&J$3m££tUiJ 7yXW±±\\fhk%tZ\'m 

[0048] Wm 1 0 X\i 1 2 t«6fHBtiix(f . 

tfXfcttlfcW^Wl^tfX^? yfl^tfXfcjgA 
L/C hL<\tmxt:m^1?£.7dSj£7?X-7t£j$. 

-rzzt&xzh. 

[0049] ttz. mrni3v>£oiz. ismtitmrnz 

imiK.W&Z*>>*-X'm-?Xg55.£ *)1tt&Uz< 
WZtiLkt&t. fttfxiW^tdt>iz£>)ik^nB. 

tbrnGx-h-yx i> . mtomzwrnizMfcti z t *< 

maxt l* ti^-fHz&kvtz&y -yttrnxxz 
mmzwtwziizit LX7yx~?&$Mmzm tx 

^*irt-*m&tix<r)®&m t txnm-ti - 1 vx- 

tc; ^A-coflffikmSkoiailSrifc®^ »,7X 9* 

[00 50] tlx. mmieT&nofttyizm 
mtmtjmizxtui. mxxm^xwmvmk 
mmt^ffin&ixmm&nis&it^&iztc & <n 



[005 1]f8;£JBl 8cr>miz£tUf. iJcMHzfclt 

o&mim^&tztt). mmBfoMmxyxvmf&x' 

zJ£Lh<0iSnttCE(C'C. ^'J^.i.j&'xSrJflVYffcfcrfc 
§vEETT\ ^#x3£^EJE14#xmfrC^»m#^ 

10 WVg&ftSfiffiLh ttHz. £«$rgS#x£fflv>£ 

ioo5 2]mmi9(7)mizxtni, wmtotfo 
4»j; kx-mEM.-ym<?)t^w£z*ti?tim{ 

X'Zh. ^U»>A^X(&fflV>-fC*(t^?!fXCWt'»i. 
A^BET^t5V^a+H z*^S+k H zORHTSm 
EO^L^im-'iBteT'^i^fcS^^XTt. ftmil 

osx^-fc-c. s^t. iSMHzia±<7)S^feftm*»' 

[0053] 18*^2 0<r)%ffllz®Z$m!mWilZ x 

fcv^St+H zi^S+kH zOgB-CiSmEW)-^ 
4fcS*mt'# 5r*^ fzWm#xX h % Y 0 if- 

^z^+twmM^zx *) j mtfim^\,zn^ixh 

XW£h. 

30 [ 0 o 5 4 ] * fz. m%®2 1 (Ol6Bg(= Xttli , ffiHirt 

[0055]^^:. ia*«2 2^)»WcJ:<l.tf . «tm§8 
t&«EO©V^'Xtc|§LTt, Scmi3mtcS«ffi$rEP 

[0 05 6] $^>tc. mjm2 3x\t2 4(,z&&mmm 

mX&tZXtllf. 7yXWiLtimiZC07>.m'X£&. 
40 fflL, Z<0&. fmi)X<7)?i-\zXh7 : 7X~?Z£]SLX% 

&tz#). ^xemamxmizwim-zzttfX'Z. 

[ 0 0 5 7 ] * LX. m%®2 5 £ff*fMa£&£ 
fcv^TJi. m7Xte#X#OSttg£*i|fflLT7-7X-? 
^^■fl»J;d(:LTV^^ ^xSrioy.:<ffl^ 
*^k^<le^^X(cJ;|,7-7Xv$:4fi!t-C§» $^>tc 

z}xh<7Mmm&zttfX'*&. itz.ftfixim^ 

tztfrSTh . mz#xcr>fcA&Z*!®lzmn2itZ>c\t 
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t/Wxh. 

[00581 Wfc^2bT^2&\zmm?mW££ 
[ 0 0 5 9 1 * LX „ IS^JS 2 9 SfSlliKyi^K 

[0060] 

tcowt. m&zg&ixwmtt. 

[ o o 6 1 ] m 1 14. *&9J<9SS 1 OfSJttHfcft**^ 
[0062101 fcfc WC . 7"5X-74^MI4. TS 

imuhX^ty-^y^-2 \<r>ftmz7yX~?m& 

march*, ryx^mmt. m&ztifzwmti 

flc 1 £9ULTWiWzm 1 ^2«gT*S-»^)« 
62a. 2b*>£>»l£$iU.. t62a. 2b<i. #X 
SS82 3 l*l-C/o-»«$rl64$-&Tr 7XvSt4j£-T 

m^X\^hi}\ *y*-/7%l:im^Xi>£\>\ 
[0063]-?-+ y^-2 1 (OT&&Wl>mm<?Mffi 

ymtftomMtKix^x . ^s^ssssfrs* 

0 1 tf>^QJ 2 4 <7) J: o \zwiitotzmi*l&X'h 0 . X 
r-y 7 i&^SS tf£ d k X-&mftSc?>±M£t¥Z& 

mx-zzxotixhh. tlx. mmwm. 

* 8 HifiV ^Sffi** £>»S!Ui*8 tX'CTXmij 1 1 -2 mm 
gKfcftfcfrO**. #Xi£H2 3<4Tffi* J SD 

X4«$*utStt«*iB»^* * ■* ' fc l>"Ch&. 
[0 0 64] -*-<om«2b»4S%LTi>oT. <fc#<0 

m«2 a \z\u y v-yyx&&& s s^ltse** 

S2 5#83gLT*>9. P«ffi2a. 2 b|3ld?r£Ei!* 
JS ( (40 0kHz~100MHz) £0i^^jSt®E?rEp 
*rC*6J:3fcl/t**. ff >A'-21^ 

K^tT*>oT. r^X^a^ifcO/n-JkSfcJ:** 
LT«Bl«#fcM»*RT*& a V h a-7 2 8 

[ 0 0 6 5 1 W<- 2 1 <Dk.mz\± , +13^ W< 
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-12illKW. io+ISHrVA-l^fctt. £ 
»3 0. 3 2Sr^-LTli^ffl^XTJ)l>S^^S:^ 
L-Cfc&I?S#X*> / <-34k. MXT'^)S^ , J'>A 

-e-LT. +Hf-v^-12k^a»2 3i:J±. 
l«BJftLfc#*ft*ftP 1 3£J:->T2yi 
LTWC. «MBI?-*W«-1 2tgAL^'J«)A^ 
kKStf* k Z#X$i& 2 3 fcftteYS h X d it LX h 

£tz. gJB3 0(Cl4. mtfXXV^AttUz 

io m#xm^mmfcix\^$mMmt3 8m.\i 

Xhh. ^hliZ. <gSS32«±. 'OJ?A#**y<3 

6 1 k fctiB2^eM&#a**jRtTv»4auttiWf 

4 0#gltTl>£. ^^<0cSS$!l«#3 8 , 4 014. 

n y h a-? 2 8 1 «t -ixmgtfmztih 4 a t lx 

[0066] .I04 d C«l£L5tr7Xv4i^Stc4 
&*SUET7X-7co4y&4. <jcc7)rk < LTff o . 
[0067] iJX^R 23\t. %&tftt.%mz$m 
LXhh. a>yv^7 2S\,z£r>X : fcagm 

20 #38. 40£#JUIU 2«0rSMO 
KS^k^y>A»*^k5r8EA$-fr. ^OS^'xS: 
#*S£?82 3 ^^LTT5Xv^m«2 2 

T7X^4£jS««2 2^<7)*'X<0ffi*&ft»i. SftJt 
TS*^X*52 0%]3IT. VJ->AW8 0%ttht 

<7)(|B(gimftl. llSI<OlSlfi£) #2. 2mm.||ff$ 
(01O«ffitli3ct^l&J) ^'3 8mmT-J)2»^-. 
|^^100cc/mi nfcltzt-fbt. ^'J9 
A^'XS'4 OOcc/mi nfeLhS[-r. 
30 t5LJt*t^X-«tt2a. 2 b m^m^MS. t: WNt 

[0068] #0mMv>ms. BuMLfzm&omm. 

li. 40. 68MHz-C*0. EpJumff^'t™?^-^ 
(peak-to-peak) Uxm. 3kViZH^ 

T^D-ti«u r^x^im.-thnt^x't 

[0069] 7v-ttW!sm!tZtiht. ft€tft33t 
i&b±yV2 6iz£^X&3iZ1x. &&m^tfzi>Yv 
-y2S\,z\-h%tlh. nyfo-528i4. Jfrfe^t 

Xv*«H4L^^k$:«Uarr4k. gg&tfxoSSftfrfc 
#fflf*8<7>?iWUIL {?lx.J4K3!aa(*8c^jg^fiH£L 
TV^lx^Xh^k'W«HUOl^6(^^fi(^J»t* 

0 , K*Xfxc7)^t144« L fc < v «XWI: i. h 
r7X~?*®%l l z£j8.~fZ>ZttfX'£&. Zilli. 
T7X-7* { »4-r.& k . ^l<0lfA ! r7X7t:J: 

£&2ti. ztit><?>m'f-t>t8m#xizmmixgmtfx 
<on&m%iz?Tbtih£o£%z>tztt>t%it>tih. 

50 [0 07 0H^^X7-9X-7tCiSa»H(*8O«ffi 
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[007 1] -rc^olC. *|dtWC«V^li. *^44*>-«L±*Wi. JRltfXftttK? M8# 

-e^^lStO*^ 'J 0 A#x£ hVA'k IXtiffl U B5fc L T * 4 . 

»J)ffl*8^ffi«Ui^W±SE**'X^i&ffifflL^7- [0077] 3S1 tfXttte^? H 4 8 cOrtg? t #xa» 

7 X^££j£T'£ ^flfar^U^A^'X^fflfi 46fcJi. -t;P4 4t^t^*'X^AP5 0Sr/t-LTa 

**Bfcffl«f&. Ty^y/JHa^^y-y^xh ilLTWt. 'g»5 2Sr^tT^l*'X«^'vxH4 8 

0>*mtcm&mzztwx-$&. u>>*>. be*#xcd 10 t^wuthy/r^x*^x85»4 6<o-iB«tfiift'c 

ALTX7X7£f&£$tfT77v:x^U:*i3\ T-y 

i/yf&gjmum/Tni nX'h^tzi><Dtf. it*#X [ 0 0 7 8 ] */P4 4<7)±®+ifc^:«i. h 

m/m i ntrf XS*T»»tT*6. ffiE«^tt5 8fc«, a 

[007 2] £i>. JJB^«tHlc*»V^rtt. K*#X -;«7 -f^5r^LTft^»SSA { S^LtJ>S 

k^y<r^xk*H^t=«U-cr5X"e*!ft±S*5 -tM,^itf) . -b;P44<0±iBtC{±^l 
'fftfc^^THLft* 1 . T5Xv£:£_fc»f4i:$fc:^ 30 SST*-&«^»fiffi6 0*«StTfci». i<0«S« 

^A#XO*£T7X^^8«2 2fc{**&U W66 0U. r5XvS»Sfea*4fc«X0t)OT. {BH 

>> Atf X(C <t hTv X~7imSL UfcOfc fcKSfeiTX^ft ifemS 5 8 J: ») #X«*)T«Hfc:«Ja*Wi 5 8 fc ¥1r 

[0073] fifESSIfcWfciJVvtHL *-t^26£^ JSaWHr*4 4<0»J:9D <»IH«*^ #S»1 0 

■v-yA-2 lort»Kfigtfc«SfcovvtiWiL*: mm) «ttrt«k=Sr&J:5fcELr*0. -fe/M4<0H 

4SBe»*»*t . *0a*at*fH5«T*fe>^r2 [ o o i 9 1 ■8E&SS6 0 tf&®$cm5 stwtsiz 
{z^y^2b£^\>^-2\<mmzm j tht. % so x«^-/K62»i. <g%6 3ZjtLxmx?-z>^)'y 

±yy-26¥mmiztoZtiZ,ztibVj:<.%*yy-2 A#xtm;#xXii^)<>J>.#xkV3y >wm#x 

Gfmm-rhzti)^. tlx. mzmkemmza t<Dm&tfAfr^%zwma#xztfx^46i,zm& 

wCli. 7yX^mfrWf> 1 X*V*r2 f>X-hh%&\z -?ht&X?>\><r>X\ tfXcfcAP 6 4 £ftLT#xS&4 

owcifflBU:**. a^«SiS2 5fc££L*:l3]»tf)iE 6 fcjSlLT^i. **4 40TBS{=li. *Wt< 

StttttUL&Q. &&*6<M ye-^yxc7®^«® fciSE»««6oa^^i^658fc;b*:6,J:?{;: 

£8aiLTr7XTtf>3fc4£Sl^*.J:3fcLTiJ Sj*2ttftfc&£&ifefi«6 6aTOT£6. *LT. ^ 

WzOfSlz^XWltyUztK ttytfX+TAslytf 4J£««2 2 b^X^h. 

X^t'^fflv^tt>J:V^ [0080] ic07*7Xv4^S^J:^r5X-7<04 

[0074] ttz. my ■vttjmxxny'yx^tz** 40 i5cort<tTff3. 

&$m#8(0X. y1-yWm i $>. xrr^XvtiiS [008DWB63. m2^'Xtt^yK62S:^L 

»ift8tf«t:«*t*f^«« mm. wm) x. v&tixtwmt'xxu^v v^'xtm? 7 

<7)|^£tcJ;2.^y^fflll^^}§|h.tt(O«#i&0S^ -(t^^xt^^x*^^i,fic®fl^x5r^xa*S 

•^;±ie£0B^^XtJ:^7-7X-7(0^!tt|5iatUT 4 6tcttJ§1-^i:ttt^ ^852. Jgl^Xttlft^-y 



[00 7 5] B2tt. 7^BET7X-7±^ia<0|g2|| Jftm@6 6 h^CfinmEE (IQS^^. 9. 7 

HWOfcjRU&fcOT, (I)jWMHH. (2)A>¥ffl 6kHz, 1 0 k V ( ( M-9 bT-^g) ) fclttnrt* 

m. (3)*»(2)OA-A*«e->fcRSETt*S. kkfcfc, iSH»S«6 0t«*««6 6k«ia[CiSe 

[0076] 02Cfc^T, 75X?4rta»4 2li. 50 iMUEE (^tt^^. ^1^4 0 . 6 8MH z ) fcEp 



2. 2mm. |gB«<3 8mmOBj£LT&&. ^LT. 
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iirf !>. 

[0082] z\iHz£ 0 . ffiE&^S5 8 t*t(5L*:SI5 
#0#XSf84 6 ftlza DtJJt€*^ ts b'J ##X 

?>-&#mai lt*?****^* i: 1 1> t-. ^ y 

T. STO. 77Xv4£j£{gJ£2 2KfcVvCitiE»[m# 
[0 083] #J3. ±EHttWtfcV^T»i. BSftfXfc 

7 y^*^x^^i&iJc«ffl^x, h y xaxb txm 
mvxi>X\>\ xT#4fcXtt^y«>A#xfcx 

o) £^4tfTteJflLTkiiv 

[0084] 03fc@4tC»i> $&2HfcWW7Xv4l 
J£§£g4 2^fflV^^BET5X-704S^»^** ? 
*bT<5£. 03J4, i£frtfx(0 2 )coSS£lOO 

c c/m i n|C@£U *OJ ^AtfX (He) OSfiS: 
^i^t#^o-iScTO&^i:^a-J!tSOFF (fB 

so i*fc«iwa«A*«***ufc<»o-cjb*. 4*. 

S4Ji, 07y-ftgc^#X<9SES£ 5 0c c/m i nCl 

gg&BS i: ^n-fc^O F F l^c7)©^«A^J* { * tT 

[00 8 51 lvf*uo*afcfcWCfc, #XSS84 6?) 
$3j3 r -Y77*d = 2. 2mm. <BB = 3 8mmTJ>l>. 

4 , i£E«®K 5 8 K9flni Uc(SEi!i^E»iJa*S# 
9. 76kHz. fcEtftr-^t-^fTClOkV. © 

jna*m« 6 0£tpM itz-gftim&immfi^ o . 6 

8MHzT'fco-C. ai^lkWcO^»mS5-^t-r 
V^6. 
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[0086] ZLX. B3(ci5VvCtt. OWSfliMR 

f ) ^e?>* * Ban u i-z^^wrnm^x^^ m 

FFt^t#^A^m*«t'*>l>. 4^ 0*^xj±/ 
o-2^«L&A^fc<lk*LTV^„ 4£. AI4 
fi^««S5 8Cffi^« (LF) «BE£6pJl]U 
mffi6 0t©S»(FlF)mE?:Epjnt5tt^W. /n 
-Scmte^>iS)S»SS 6 0 0 . 

oizm&zittzWiXbi. 

[0087] 03l^$*UtV^id(C. WtmtixZl 

0 0c c/m i nc£U mftMXEOX-t lWnU:« 

aUUt-Ci«^X4«2 5%. ^y7A*W7 5% 
( 3 0 0 c c/m i n ) TWn-ft1g#»i^\ 7 
7Xvc^J^m>*lfr*^*:. L*>U I^^l 0 
Occ/mi nCSUVJW^HOOcc/m 

1 nfcSUtfte, EPJllim* 5 * t j2. 3kVT/o-ft 

%tfmbLfz. -etr. B^tfxfcfcrfs^y^tf* 

^a-a^* { 0FF-rssAt>'v.y^^«)8sa 
[0088] fis&mEi: ismm&t mm t 

fi*>'3 OOcc/min, t^r^^S^JtTS^^'X^' 

2 5 % . ^ 'J VJ»#Z.tf 7 5 %T& o "C t /D-&S*>' 

s 5 8 tcfi^»€E?: wun itzw&xmmimzfft 
[s^stmffti^T^sn/c^tta^x^x^ic 

hzttfxth. 

[0089] 04t*5V^T»i> Oimm. ( RF ) W± 

4^. Ali(£J§&€g5 8fc<£JM<LF) 
SBEJEpjDL. S^mS6 0^^(RF)^EE?r 
Epjnt^t^W. /a -ScW^&^>Sj3iftl^ 60H 

«t^L^m^-cj>o. Ajii^t</a-stm*50FF-r 
& t * coismwm 6 o (ctt^s fut^L»j-c$> s . 

[0 0 90] S4H*$flTV^J:d(Cs W7-/tt£M 
tjX* 5 0c c/m i ncSU:i§-&. ^'J 
iJ400c c/m i ntC"^.^^^^. -^LT. 
>)i^Sl*'5 0 0 c c/m i nfti. 
50 1gjE<0MD^T't/a-i!cm2r%4S-*S^i:* { r 



( 

2 1 

(zssfi* ) t LTE97 7 i\$m#x £ mat h%&. . 

[0 0 9 1] fufeHifcWKfc^-a;!. HJtffcL 

[0 092] 05 14. !&3l3trtWcft£*mEX7X-7 
4y£gg?>Btffil2TJ>o-C. H2^LJt7'7X-7^ 
gg4 2<rffl&m£7jkLt:t><7>X-h&. ttcbh. Z.cr> 
T7XY4y£gS7 0«i. B2t£i;U:SI2#X&&N 
./ K 6 2&«ttLfct>0r« te<0»j£l4B2fciSLfct> 

[0093] ;<^SBt«Cff 4r9X7±Jiaa7 0 
tic #7*fc*S^y K4 8£#LT^'J'/-A#7.fcB£## 

izx-oxmsxii&m.ixwf^mM^^it. - 

ii^$ai9ftSS6 0K#JSL£X7X-7£j£IH«2 2 

commit* as c t a*t-£ s . *>j>jszizxt &s 

[ 0 0 9 4 ] frfc. tfXft&^-r F4 8*6HR#*. 
07v^*^7.XI±xr^ffi^L. ftRttCSSSC 

zzmuLx#m#A. 07 viumtfzxuxTim 

iz£&7yXvtmL$ltXi>£\\ 
[ 0 0 9 5 3 @6 14. SMHtfe£3fcft£:*3UE7-7Xv 
StignaKKGrcft*. dOHMf*075X-?4i^ 
&V4 4tfT&JUz&f£.LXS>iX. ±)VA 
4 0*¥&7 4 KSS 1 ^TXftM^-y H4 8fca»l/CV* 
bijX^ s Af>i>m j tXhi>. *LT\ &V4 4<r>$m. 
«T6fc». #*8W4 6fci«3-ltt:»2»B7 8a» 
MLtM. !8iia!7 6c7)±JSgaitcii. *2# 
7«^yK6 2*TS0ft»tT*oT. §S2#7.{ft£^ 
••/ H 6 2 L*: h >J /fx»»4 6 l^t* 

4 3KLt:£>6. $GS&76fc{4. KI2#xf£ 

te^-y F6 20T#?HBWEE«€$58a<ffi&LT 

aiskfefcc, mm>mwm5&tnKLtzm. 
izmw&8 o jwr owtt . 
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[0096] ZCOX 0 tffij£L*:X7X-?M£S7 2 

h-7yx-?»£$ma.4 2tmmmxt>z>. tzb-h. 

sB2#Xfit£'vy H 6 2*>*> I- 'J ##X£*Ar* 1 1 
t>£> ffl^»Sffi5 8£ffi^»€E£9*LTm^fc*S 
ttSt^4yS.tTX7X-74i^^2 2(Cfit|S-ri». * 

l#*S»4 6fc:ftte-*-S. *LT. SS&mg6 0(C 

10 £&&t$>. frfc. VBll(2*LfcJ:3t:. fl£E»fgtt5 
8tttt. * 3 F»7 4*Ct>fiHtWni8 2*RltT* 
ltfXtttt^v H4 8*»£tttt$flfcttWflj!rx*WI 

[0 0 97] 0714. »5S3fcWT2b->-C. 
*. -tf>§£§*4. 7-7Xv4Mffl^xSrtt«&-rs^ft 

gat. 7?x^im\,m&tix*Bmh77x 

20 [0098] #XftlHRi . StfyCSWC* Sffif^m 

ffi*SLTt>4V\ g^±fi£Sl 1*^{4. t*S9 9%m 
±<0SJKc7)g^^XSrSt+ 1 /m i nftfetS^ttfUJ 

[0099] 75X^^3(4. fl8ft8*ufe^X«)8W 

««c 1 «4. K«(c4: 2.#ia^ea-rsmsrK<'^y). 
[oioo]««ia5i4. wsiftssiftjttft^T-^ 

7»6«KSil. Xf l -5/*7J4* 3 F*l*!fc»»^nrc* 
0. 7x-^'7^fi)$^S>Ii;T'«J?iHI<*:^$:» 

j6»^W!ffli*84T^aaW4, l-2mmSSC6^tl 

[0101] ^tttt«W»fe»AS<lfcaBR^Ii. x 

h«tdiD$iu^yxfttftni 3 -*f<oism«ci 

[0102] ®S2 a fc{4. 28SIOfliHft«>VE£R 
^tcEMDT'&SJ:d(c2-P(7)miS!*^$^TVM,„ - 

o{4. 2 0kHz««9-C*-9T» -HRkVfcffEt* 
50 WB»[ttftK:J:420kH2lMl[i9<05flft?ri»jl:<0fc«> 
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cR»t^n^7-f;^-H»3fc^L-cwi2aW8 *<n*mFtm$mx'®.&Ltzi><n>xhh. %mmi. 

«S*lTV>4. to— ?I4. 13. 5 6MHz®^jftm ttSO&refcD. ##Lfc»*ai. 3 3 6. 9 nraffl 
*10T*>r>T. -(yt-^yx^S6t. 20kH hfrThZ. 

z**90>{fc&fcJ:*13. 5 6MHz©EtfcSgSilO [ 0 1 0 6 ] S+O^aKfcWtJi. 13. 5 6MH 

ZjtlXm&2alzW&2tlX^Z>. i^2ocom» gtfS&bW. £<0*frT«i. 20kHz<OiS«H: 

9, 1012. ttiZtmiLl-CWmtlXtS*). ZWhtfi!Mli®±LXL£\.\ 13. 56MHz<7)ni, 

tdim&Lx^&zmrtz, ztiMmx'hh. nm ®$m&mxitmmzmf-tz>zti3.x'$%\\ m 

im«2b{i. tmrnttox^z. btz%it* mmizms&Zbt&K* h^wmx 
[0103] mz. immLumti^xwpM-h. 1 10 5. .rcoflcmtts-m. 20 kH xvymBz^x 
3. 5(>u)\-L<r)%mms.i^zn^x\t.mm0 13. seMMzco^^sE^x-isstr^-c' 

mmfizmcomamximmtmtiZtrt:^. iw. 2 0kHzcosmE£fUfflL&<fct>©m» 

-e^t\ ^-f-HSkV(C#E$tut2 0kHz<0«€ff EA^H^tlSX^^-tiOS^^tOSaB^ 

■e-i.. magajwi. w&imkZit&z tv&mitt. 1 0 1 0 7 1 m«ci*» 

*ffi}j£<.£gfcL3:^. CKOSattl/OvSKT n*«B-C*0. fSttbfWL 2 0kHztf>i§mffi£flJ 

t . mttSt-H&k vvxkcon&tfeimizttx^tuf x ~>x t, „ a ^smaiWdrcfem* *t&-c ^ 5 . i« 

v ^ <rm\*toMffi. l3.&m&£m£Bi8.ZtiX\ l M1Zib. tt 
[0104] na-rUcMA^mmftr^ miSlOlcJ: 20 ^fc8cD^£^KfTd^fcgk«b*^T'*> 

013. 5 6MHz^iS^««E5r2 0kHz<OSE* J 6. CL^i 3 KLT#£ft*:iStS+ £333-1*-. iSttft. 

Ewra^nTv^s«2a^sgLT9anrr?>. Lizmmtf**. wmwtz&zmhztx. mm 

[0105] H8ti. 2 0kHz4>ti};&£5 0Wfc-5g ft£7yXvlzmtV%<mm#8CD$mymir*i& 
CU fiSUrl 3. 5 6MHz<0KE»£i};>j£fl:*fc: 

ittnLTv^o/.:h^iO«c«o5Kia^<o^ft:^L/ct [01 08] mz^ mi(r)7yX-?!ksmm\zZ.z,3m 

<r>xbh. 13. 5 6 MH z«S 1 OcoSMir*) «Stfcttl.*t«*ll^*tc|tt^^iMSmtov%-CittHJ 

o . m&itiM.<7)msi%.xhz> . immxtmte. -th . 

WM®*Wm&\<0*iV<nJ1x^\&LUfrt> : fc7TA [0109] 

^msizx*)^9 h>v#miKi>* imi] 



ia a * ft 






1 3. 56MHztitf}: 400W 
j(» : 1 0 1/min 
Bt*#-fc 7^:1 mm 
7-^/tt«WBf : 6mm 


15 0nm/# 


1 8 0nni/S 


20kHztftfj: 200W 
Xfi : 1 0 1 /m i n 
RW*:-*^***:/: 1mm 
7~*/ft*3HBi: 2 5mm 


5nm/#KT 


6nm/MT 



[0110]3tl«i. i^'j3yS«Jit:^teUcVxX ^mifflSBA^V-^iT'^^i^lmmegt'* 
5 6MHzttttl4 0 0W. g5f?#X*£fil0 1/mi #*<Gtt*!l}UrFfc*JV*"C. 150nm/min« 
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[01111 *t80£#\ H-ggSrJBvvCK&ffxfc: 

a*fr{4, #x«#n&£Utfk mmtixtmtm-s 
fttix^h. smtizizximsmu. isonm 

[01 1 2] ^»JS^ftfrmi»5!!lSlt^OTO 

mffwm*tzmkzti&7mx'. mwmi^^i 
^wz^?hmmv#ma { mmfhfrt>x 

bh. LirLttrk. 2 0kHz<osmEE£JI§vtf:i§ 

raa?iissE*^v^y>. t>z>mj}&±tz%z>t 
-ftcom^xitim#mznzwrc%<. wm& 
fc«ra-ej*s#&£U ig&izx^xitwmtt&mm 
ixbto. #mtfflx-<?>2 o k Hz coi&m$GS&.nn 

£fflv^Jt*9ISmL mmfct^&cvEl&i. ma 
itJ^* l '2 0 0WCD(£, #2 5mmJ3LUS$ : 5r<th.»4'=0r^> 
.TftSrJWI^rfrfc Ud^2 0 k H z£>ftJSj&m 

^fc^r^xv^uiT-w. smxxnxttt>-faasx 

< . 5 nm/m i nlilTTftoit. 
[0 1 1 3] ELtOJg**^ SfcBfrOsVU 3. 5 6 

MHzssjswwB-eii* «Bs«i^£tt^e«rr.rfc : 5: 
mmtfwmwizsmtzwvx'Z . jpiosis^ 

[01141 ^ItlfcWcfcVvc, £$v&fflv> 

(sosst/ (g*sts+is#3L&> ) xi oo% 

9C*tttt. S£*9 9%l2UJ^2 0«iaTfc8v* 
[0 115] CcoS*Co^T»4, »T««fcititft. 
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*. *1\ ate*2 0%HTW>RlSi. £*<DK3gT 

5X"7«t»T»jSSnfcaBR^)8Stt«k US'* hORJ5 
T\ U^Xhc0gHtKtfrCI4£<. SftKJBifcttx* 

[oii6] L*»L*#fe. sm*. 83s* s *>i>-£ja 

8 OXSBtCfcifc*). mmtooSmiz* 9*r»ft 

[o 1 1 7 ] 01 oi4. *mizmthm<rmmx' 

xhh. ^vmmijmnwz^xim-rftx 

[oils] tttt*9mmizti^xii. wmi£ 
Wix\ &t&ztifzmm2btm&2aimw;ztix^ 

Z>. m«2aW41 3. 5 6M\\7.<r)nM\0tp4yV 
-^yxS^56^/ftTS^$tl-CV^. SS2a& 
t/Sfc2bfcl4. J^mzh-^^mM^tiXti 1 )^ ffiffi 

[0119) nn'mmum-h. t-r. «S2 

a&tfmg2b£h-*-l;:J:9Jia!lU laJgfiWclfW 

ttioifcmffi$:g#>&. gi«*i<7)Scmffli^-i.o 

14. affi*^«7)-<^-TXt4»iS-?<Oj&aitt5rS* , >l.3t 

*>Tg*o£8L 1 co-fe/H^ (#XS3&2 3 ) Wi 
M^^SAL. 13. 5 6MHzcomff£«62aK 
*Hi{5^T-|4. mS2a. 2 b<7)MfeSS5r 
2 0 0-CfcS5£Lfcfc,r^ 13. 5 6MHzC0©^» 

[0120] me^tn»-ri.#s<4. ms2 axjims 

) 2bOrta5{3iJgL^b-^-T-^<kt>. ISS«clO 

ffico©v^t>o» t>L<l4»m : fl!clli^)©^t(0-C?)2>c: 
tA>18*L^. W^Jf, SrO, CaO. Ba0lf{4tt 

^&itifti s $>twx'mm.wti®izmix^h. zn 
t>tm±* ®%t*mmzmmt ixm&LZtix^xhtt 

[0121] mz. *m££t,3m*fzzm^t:w& 
50 m^mmmizxhwxmsmffmmiz'o^xmm 



( 
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[0122] *mtm£m^z$m>>m3mti. 
vm 6 <rmm t n-m^nx-h o . mmmmm 

[ 0 1 2 3 ] -T&i^TO8tt8 1 ixtfyzmim 
t#7xa« OA- 2. saamo^'^^ffl^ttTjc^ 

[0 1 24] 01 Hi, ^7XS«^a^StcJ;i»« 
0V*TfFffLfcl6*fc-3VvCt>*Ui. 2 0kHzW^ 

mwi. 01 l*»fefcW*J:3t. *w»=jcsi 

3. 5 6MHz£JflV\«»#*l««lUL 20 kH 
[01 2 5] fc£*"C. *3HSWfc#v*T» 3E»£JBV> 

(g*c£*/ <g*3S*+#3S£fi> ) x 1 0 0% 

**^3l*BffiL"t;fcfcl8*» 012tc*-ftt£. S 
£$9 9 2 0 % HTt* v >T \mti&<r>&M 

[0126] W£i&(ry%r£. «o*»<0SSBj^;L Mt4 

v*i:«£S*i*. §S#x£fflvv/y§ 
3^WfcNH^<3«*a£P£lfcLT4£i: 

[0127] 0i3»i. mmmvm®mtmm®T 

tzJVT82lz£-oXtf*%M23mfiLlXt>Z>. $ 

tz: >uTQ2<mwjpmmz\i.. s^ime2at^ 

2BS 2 b t **e^l-cj> o ; ZtlbommtTyX 

li. tfXSAf 84m&lXt>^X . ( 2 ) ^ 
Ep(c* Lfc J: 3 (c. tfX&AES 4 LTR€R§#X 
8 6^^Xca«2 3tCfit^T-^SJ:9tUTJ)S. <I<0 
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[O128]014UL S8Htei?!^Uct>OT-J)o 

s. xmfomz&^xit. ^-vyA-gorttxrxssR 

2 3 £Jgj£ LTOi'M Tttc0g|€ft:9 2#Kgl/Cif> 
-tLT, m&9 2<0-Satli. #XgAf9 4tf 
^LTJ>oT. #XsE?82 3l::B«JB;#X8 6£sSA 

7 Ttc k'*^*l>T5Xvflt^ 9 6tf 
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